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Tile locattoa or tbt lfavada reoordtna atatlOILI vaa ll8tll' 
enoup to groull<l zero to penit reeo&'cltn1 the wantora, bot'ore the ot­
teoto ot propagattoa bed appraotablT altnocl 1U ahape,, lillcl ;ret tu 
ol!O\ICb away 10 tha• tlw r..UaUoa O~CIIIIIlt at the alAatr.,..ptta. . 
tltlA ~•ckatmte4. owr the iDduotiooa aoiiPOI*lt. A .~l.-•t.., Ytril.oal 
proh AntaJIDa, JIIOWlttcl "" top ot • tratltr, toe! all roaatvna tlall'oucb 
a voltaga dividfl' and a oatblldt·foll.ovefo Ullit. Equip...,. .. ha~ • 
11ntrora pta owr t~ treque1107 r&~~~~ trOll 1 ko to a Me "" hll!be7 
(' dll potn• at apprCIICtll&ttlT 8 Me) 1111 uae4 to reaord th• wafttQI'lil, 
'!'he alctil-opee vora IIIOdlthcl to pent• oelt-trtflinollll t't<* titbtl' 
polarity ot putoo, 

l!arrow-b!UI4 roep0118e$ troa recetnn haYt!ll • ' l4r b!UI4· 
viclth at balt-voltaga potnta &Del tuaad to 2•' Mit, 10 Me, an4 1' Milt 
IIQ'a l'taordocl on tbroa abamltlt ot a fOUJ'•btae oeaUloeo09•• 'l'iatlll 

nun 
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For each event an effort vaa ll&de to raoori the brCOid.bencl 
~•Vll tor111 on a a!ngle record, and also to record the r!ae tt.,. ot the 
tnt ttal porttoruo ot the pula a on otbor recorda, .atng a """'" ae~~att1ft 
scale, To aocompl!ab tbto, ttve oaotlloacop .. ~re used vitb dttterent 
gain setttnga and sweep ratea, otnoe the exact relattcmabt~ betVftn the 
poall t!eld atrengtb, pulse length, yield, dhtanoe trtll ground uro, 
tower be!gbt1 etc,, ~re not kllow, Reliable recorda ot wavet~ were 
obtained tor all event& except llo, 11 In vh!cb ca .. the a!pl exoHded 
the cl)muoio range ot tho oqu!-nt, M expor!once vaa gained 1D pre· 
dieting the otrongth ot the atpl, other recorda ot l.ntareat wre 
obtained ua!ng higher ga!na, taster svoejl ratea 1 and longer del&¥ l!Doa, 
By thea• ..., .. ,, the small amplitude detail tbat preceded tba aa!n 
negative. pulae vaa revealed, 

Add!tioruol expertmonto vare cODductecl. tor Sbota lfo, 11 ll 1 
} 1 and 4 to gain tntomat!on regarding thot relative atren~b ot the 
horhontally and vertically polarized OO!IIP<>Mnta ot the •. , '"tioo 
t!old, Th!a vaa aocoapl!obecl. by racordtng the hort•ontally-polarhed 
component ot the dovn00111Dg o!Qr ,..,. attar !onoopharto rotlocttoa. 
Thta component Ia related In amplituda to the bortzontalq.pclar!zecl. 
c011p011ent radiated by tba source, 

2,1.2 

At Boulder and Waahington vertical antenna& were used vttb 
catllode-tollowor Wll.ta wb!ob wore connoctecl. b)' coaxial cablaa to the 
broadband eqUipment and the narrov·band reco!vora, Tho b<uldvidth ot 
thot broadbond equ!p11110t uled at tbaoe otot!ma vu suttiotent to re• 
cord the ~aVllt01'1U vitb conatdoroble ttdel!ty, H.,.,..,..., at 1/aall!ngton 
1 t 11111 neaoaoaey to use a til tar to reJect atatloa NBS tor Sbota llo. 
l through 8, 

The puloe outputo ot the three narrow-band rece!v01'81 which 
wore tuned to treqlltncteo ot l' ko, 30 ko1 and a cbaru>el - the max­
illllll uoabla troqlltno)' tor tbe path, were recordl4 oa three obumala 
ot a tour-beu oooillotoope, Tho tourtb obaru>el wu uoed to reaor4 
thing IIIIU'ko, -.rt. dotonot!on tilll .. d•tantnecl. lrO'a the lfnada 

IIIRif 
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vitb all0111U1Cea tor pro-tion dalat, 'olffe used to 
pOal.tively the pulaeo recorded at the diatMt otatiCIIUI, 'l'ha 
usa of theoe t1""1 vu the onLJ IDf&na ot idel1Ut1cation ""' occui011.1 
vhen the atmcopheric noiao levol vu unuaually high, vhoa the. bodo 
""' Vft7 SIDfll, or vhon pl'Oplli!ation condi tiona vue untavorabla, 

Equivalent peak tield atrenatbl at trequenciea ot 1' ODd 
30 Ita vere obtained trOll tbe oarrov-bODd ...,.,.ur.,..nto, 

Tho broadband vavetonw recorded at the diltaat statiou 
v""' ueotd tn obtain the frequency dhtributiona o~ the •neru ot the 
pulses. Tho ertoct ot ionoopherio propagation upon the pulau can be 
deteninotd b;r comparins the troquenay functions ot the vavatoru re­
corded at the Kovadl sites vith those recorded at the diatMt tiel.d 
otetiona. Tho bandvidth required tor faithtul pulse roproductl.un de­
creasoa vitb inareuifts dhtanao, since the ettect producotd by the 
ionoapbere ia ahlilar to thot produaotd b:r a lov-paaa filter. Jror this 
rea1011 tho bllldvidth of the broadband equipment noceaoar:r at diatanau 
ot 20 kJI extelldotd trOll 1 Ita to 2 Ma, vhile the bondvidtb ot the 
equipment uootd at 1000 ODd 3000 kll extended trOll about 1 to 80 ko. 

Heuure•nt• at veey lov f"raquenaiel W"ere ll'&da at 
Stanford University bylDI!..,.ra of the tJniverait:r otatt under a sub­
contract vitb tbe Central Radio Propagation Laboratoey. The loop 
antenna ODd amplifier ayate•, vhioh b&d beau deoigne4 and used pre­
vloualt tor the raceptlOD ot atiiiOOPherloa at lov lavale, vere uaed, 
Tho gain ot the O:f11in vu very high, and tbe bondvidth ""toDded 
trOll about ,aQ cpa tn nearly 200 kc. l1'or -t shota, the tilDf ot 
occurronoa, the vavoton ot the oigaal1 ODd tbe peak a.plitude 
vera recorded, tbe latter bell>& expro .. ed in teru ot anteuna voltag,o, 

2,2 DEBCfliPrlOII 01 TilUliO Hl'l'l!OO USED A'l ALL STATIO!I8 

The aama inatrwoentatlon tor ol>taiDiJ>& tbe tllDf ot receptiOD of 
the aloOti'QaiiMtio pul1e1 vu Uled at all etationa. A 100 kc secondary 
troquenc7 ata.ndard vaa uaed, tosetbet- vitb troquenc7 dirldere, to siva 
2' cpa output. The a' opa output vaa thea tvice dlrlded by tive to ob­
tain one puloe per second, A !1104haalcal arrans-..~ vaa uaed to PG"'it 
tbe !59th oecond 11101rll: to be oeltted. The ti•r vu oparete4 iD tho tol· 
lovinC -• rirl\ the 100 kc secondarr trequenc:r otand.ar<l vu od· 
Juated ao thot one ot tbe ~loa VII ... nearly •• pollll>ll ·~bro­
l>iled v1tb tbe hiabeat trequoncr aignal recordable trOll atatlon IIIIV 
(or IIIMI'). The dirlder unit• vera abeclr.ed to be oure tbey vera iD 
ayncbronies vith tbe 100 ko uoondary troquenc7 otand.ar<l IUI4 d1Yid1DC 

'IIIRiif 
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propU'lJ· '111• oac•·P ... -•ecood puloe ot.· tbt: tf~ ·;;.u.- va. 
•7'1"ilrcmil0d vi til tba oeca.la ticlla · lrOtlt ata~i.C.: llll'f~ . . ~.l!. · 
au<lio output ot a r.ceiver tUlle<! to ttaiieil\IW VU. coimtot~ ~.the<< 
vertical detleotiOJI platu ot aa oooillooaopa., &l>4. tllec oec~ pul.e•" 
trCfl the t1'111n1 ut1it vere allowe4, to trlwr the """P ot th~ oaetllo­
saope. A ph10a••b1tt1ns cil'aui t in ou otap ot the tl'oqueno;r. <ll.Yi4u 
IIIlo then a4Jutto<l Ulltil the uaoado ticlca trO.•WWV, vbtch c~i•ll or. 
rive a)'Qlea ot 1000 npo, vera seen on tba oocilloacope, '111• tvO' unit• 
were in s:rncbrcnila whoa tha start ot the oocUloacope oveep coincided 
vitb tho very bogwins ot oacb 1/W oocoada tick. Figure ,.~ ia a 
pbotosrapb at a ti111e compo.risoc bttvHn ucoada IIIU'Ica reeelVe<l cr-. 
1111'1 alld. the timer uuit. lfote th&t tba ti'llins uuit pu11e in tbia ttsur• u about 1.6 a111iucoado lator than the besinninS at the oeaoada IMIIk 
rocoivo<l troa ~~. 

2 ,, D!:SCJIIPl'IOif OF EQ!1IPM!'I!'f USED AT Tltl IIBVA!lo\ I'!IOVUO GIIOOIID 

The equiPMnt u1e<1 in lit vade vu di vide<l .._, tllrH oi taa vi til 
only tvo ott .. in operation oiDlltanoOUJly. At 81te 7.1A v .... loaatecl 
tba broodballd. equip•nt, ti'llins equiPDtnt, and narrow-band rocei'Aro, 
Tho other tva situ, 7.u and 7.10, vere uud only tor brcedbelld •uure­
mentl, Paver wu IIUppliod b:r portable diOiel generator• at all tbrae 
sit... ri·sure 2,1 !a a block dtasraa or the oqutpaent arr-t u 
uso<l at tba Min site. 

2.3.1 Antellll& s:rateu and Cathode-rollover 11nltl 

Vu!oua anttliii&O and catbode-tollovet' arrana....,ta wre tr!td 
durinc the fuat tbrle sbota at tba main atte, For Shot 110, 1, tllt 
ruld atrenstb excoo<le<l the d.Jtwda ranee ot tha equtpaent, '1<#: s~ Jfo. 
2 a 7.19-•ter yert!cel ante1111a, v!tb • .,S-•ter dl ... t ... alUIIlll11111 disk 
on top, vu uted at the •!Jl lite. It 1/U tllou&ln tllail tbla d!ak VOUl4 
iliP1'0'A the lov-trequa1107 roapoaot, but l&torr 1\ vea tOUDil to HI UDD414e•­
,....,, and it vu not uae<l attorr sbo\ Ito. '' A acheMUc d!aar .. ot the catllode-rollovtr uuit uae<l tor 6bot lfo. 2 it ~~ ill Fl!Pift a.a. 

At the •1n a1te the bue ot tha antonn& vea a01111e0tecl direct­
ly to the catboda-tollOVft' grid tmt Shol lto. }• For shot• Jfo, It throucll 
11 a capaoit7 divtdn 1/U included in tha cathode tollOW*lt to deere&•• 
the voltase doUvartd b7 the antenna to the catllodo·toll- un111. The 
voltase <li'tidor c011ahtt<l ot aa adcl1t1onal e&PMUor of '+1 ~~~~il oo..n..tecl 
to gtO\IM ...a aotlna vitll tha antama hue capaoUt ot 10,7 ~llfd• Tll• 
input impo<lance ot tha catboda•t'Ollovtl' unit vu vert hi~ 10 tllat o-torr 
the treqntnoy r~ ot intoru~, tha opn c!routt voltace ot the lliltanna 
vao it.t>l'tiHd upoa tho roclordiii!I 
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At Sit .. 7olll aod 7ol0 the antennaa UIM t07 Bhota ii'O• ' 
tbrouah 11 vere identical to that uae4 at S1te 7 .u, """~ tba• their 
ba .. • vou co111100ted dinotl:r to tb& oaailloaacpe proboe, Tile :proboa, 
vb1ob h&4 ~ input itiPtdanae ot 10 lDII!ObU ohunted b)' an inpu\ ca:pao:l.t)' 
ot 13 l'l'fd1 provided a voltage attonuatiOII ot 1011, To obtain aq~l:l.­
tlldo oallbratioaa, a voltage ~era a atandar4 tisnal generator vu 
applied to the input ot tho oathodo-tollover unit through a oap&aitor 
re:praoontin& tho antenna, 

2,,,2 Narrov-band Meaourooento 

'l'hree -..lund SP-6oo rooeivoro, usl.nc tho ' ka baod· 
vldth poeltlon, 11ore tuned to troquonalu ot 2,,, ' aod 1' Ma, The 
111!11&1 voltegeo vera applied to tho reodvoro ~as the oatboda-tollower 
unit, 'I'M radlo-troqueno:r gain oontrola vore sot b)' oatl•to and no 
autoooat1a V<>lllliO control 11aa used, Tho out:puto tr<>* the roaeinro 
vero taken tr0111 the lnto...,dlate t\'oquena:r output and detected Uoinc 
a U,~ cr)'lta1, a 101000 oba roolator1 IU1d a 0,001 ld'd aapaoitor, 
Thooe vo1tagoo were applied to the horlzontel de!loat10D plato• ot a 
tour-beaM ooo111oaaope, The tourth abanllel ot thh oacillooc~ 11a1 
used to reoord tiain& marke ao proviouol)' doocribod (Ifill• ,,}}), 
Photographic recorda wro llllde uoins an Hll8 strip tila oamera vhioh 
1110ved the t1l11 verticall)' put the tao• ot tho oaailloocepe at tho 
rate ot 11 inohao par aeoond, 

2,,,, Broadband Meooure11011to 

At tho mo.in lito tin Toktronix type 5l,~D oeaillosoepea 
vero uoed vith different aenoitiVitiea and sveep apeede, Tha:r vero 
1110difie4 to trigser either trow. poeitive or neptive oiiJI&).I, When 
external trigprinll v .. uled1 the tl'iwr vol toga vu obtained troa 
a separate l,e, .... ter antellll&1 vhioh ~erllittod the O&l'liut upacta 
ot the pulao to be recorded, The aisnal voltage lioe normll7 dela)'od 
0,2, ~·oo vi til reapaot to the a tart ot the oveep, The ovoep delq 
t1118 vu lnoreued to 0,4 ~aeo b:r addln& an external del&)' line, 

Amplitude oalibrat1ono vera aaooapl1shed b7 app1)'1ns a 
voltage, tbrouah a dular antnma, to the input ot the cathode tollover 
t\'a. a atandord 111!11&1 fl*llerator and meaaur1ns the oorreopoadinc de· 
!leo tiona produced oa the oeoilloooopeo. Tho broodb&n<l aquip-t hAd 
linear amplitude reepoaae up to • ca ot oto1llolacpe detloa,ioa • 
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~ on eaoh oaoilloaoope to utll'11111• the dell'"• ot akevJ!eu ~~~ exiate4 batv,Hn tb srt<l lillu co tl>l' taoe ot the oatbode ra:t tube ftll4 tb dil"eoti~, boriaOD~l a.a4 vertical, 1D vbioh tha spot vu datleoted. .l'llotosrapbto tecorda wra· -.le ot , vertical atewa.a tor each. of tb •l.ahtl bcrUontal cantiaet.P 11161'U llllll 
hortzon~l akevneu <nft' tb vorUoal """'* ot tour oantiaeter. fOil· each oooilloooope, The,. valuao of okevnell von taken into ~011111dlraUOD vhan computiq tha trequenc:r tiulctlon. trC. tile vav.toru. 

The trequeM:r te•I>OIIJI• tor eaob ot the broadbaD4 reca1Yero used at the mo.1D aita vu ollta:IJ>ed b;r teadina a oi8JI&l into tha cathodl toll...,... 0114 ""uuri113 the correapoodina datloot1011 produced on eacb of the oaoilloocopea at different trequeaoiea ranatac troa 1 ko to 'o He, The reo11lt1 are sbow 1D :rtgure 2.11. It can be • ..,. :rro. tbie figure that 1D aU cuu tha reopon .. val unttora at leaat trOll 1 ltQ to 2 He 0114 alovt:r dillil11•hecl at hishtr trequaaolu, 

The tranoiont reapenaa ot tb broadballd equtpa~~nt vao dl• ttl"llltno<l b;r toediq a oquare vava into the brocdbaD4 ayatea 0114 obaert-1113 the rise ti ... C)Q tha oacilloooopeo, Ulill3 a o.26-11Sf<l oquaro-V&VII 
input to the cathoda rollover, a rtsa ti11e ot 0,02 11110 vao ol)tatno<l, Pllotograpb.e of tha tr~~~~aient reapoua ot tha OqlliPIIOnt ate obovn 1D rl.jpu'a 2,,, l!o rtnat111 or O'lerllhoot it oboarvecl at "1l1 pulae lenath, The tuteot rise ti.,. observed tor tha oleotr~tio pulaeo trOll data>attona vu ot tha order ot 0.2 or 0,, 11•ao, vhila the rise tt• tor tba equiPIIOnt vu .02 111••• 

Bro&dl>&Dcl dotlaot:ICI!o van converted into equivalent valuu ot vertioall:r·Polarbed field stre~~&tha b:r matohina tha peak detloot:lona with a al.Dul<liul voltap :rro. the at.ar>der4 li8JI&l geuentor, Tile peak value ot voltaaa requil"o<l to llltoll the dttltotiOII and the antellllll et­
foativw height iD ,.tor• von used to ®tein tiald atrenath 1D unite ot volta par lleter, 

Tile antanna uoo<l tor shot :To. l had a pb;roiaal lonatb ot 0,4, :attar-, Itt ett.ativw haf.ahtl vaa detara:lned 111 tba tollovint 
....,... .. , A tiel<l·•treucth 111tll' vao ••• up at a pol.Dt about 200 teat aver troa tba .,.lA e:lte, The uauiOptiOil vea ...S. that the tiald 
atreqtb at tba main aite all4 at tha rtelcl atrtnctb •tar vat tba • ..,.. valua, Tha "'aaure111011t1 doaonotrated that tba -tla veotoro reoatvecl troa dhtant VL7 atationa vere ot the saae JOalllitu4e on top ot tha trailer and at the point 200 tHt &VI7• One ot the ll&n"OV·balld reaetv.re vaa t\11114 to tha ••• d1at&Dt otaUon aa tha tield·atnasth ,..tal', ~ad1o-~ ataUon.e, !18$ and 111'11 vere used ror oaltbraUon, 
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The valuea ~ etteotive height ot the short .antaDI!AA UJ""'. at tho llovada Pro'ling Ground are conaiclerab~ laae. thaD thoo-. obta.izlecl,, ua!ng ona-helt or the phTSical·langtb ot the antenllaa.,. Tlle1e oUttoni~c.,. 
arise t'r001 tho fact that the anteMU elllplOTSd here ~• ~ eutticieilt~ 
abort, in to,.... ot their capo~Gitanco otteot to grounol,. to Juatit7, t~ ,. 
line ... current diltribution which reaulta 1n the val\111 ot ettltct~'ft .. ., he.ight equal to one-halt tba phTSioal lansth, · · · 

For Shot !fo, 2 a .19-.,.ter vertic&l antarma, top-loaded 
vith a .J8-l!>Oter diam.ter disk, ,... uaed. Tile top loading oene4 to 
increase tho etteotive height over that ot • plain ol9-llltl>'· ftl'1>1~. 
antenna. An oftoctive height ot 0.10 IDitore ,... calolllata4 tor tllil. 
antolWI, aaouaing a lin~ current dhtribution Pl't>duce4 1>7. tbe tap lDflding, 

F<lt' Shota ifo, J tllrou&b ll a ,21-metw aDtOIIIIat tOllOIIod 
by suitable capacity TOltap dirldere, waa uaod to radoM tbe ~~&vetc~J.'M, 
JJue to the lov pick-up t&at<lr ot tllil sllon aatam., U waa ditttoul," . 
to -ure ito ortootho hoisht by rocaivtng 4htant1 vel't lott ~ 
ataHona. /10\18Yol'1 the valuaa ot antol!llll oapaoit:r (3,1, ~1114) all4 
antenna baoe copaoit1 (9,2' ~4) van dateninacl in the t1el4 uaing 
tho oubotitutiOII method, Ag&tn, uaing to ..... laa b:r K1118 &H lllab1 tbe 
!llltOIWI c&paoity uu calculated to be 3.6o pillet, c9JIP&rtcl to the · 
,. ... urod 'Mluo ot 3.1, ~4. Tile etteotln heisht vae caldulate4 to 
be .07 roctter•. 

lldlllf 
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· . · ··. ni caiouta~l.q the Vllluee ot t1e14 atre~ &a4: ouriJt',; 
tors~ 110.a aa efflcnt.,.. hds)l\ valu& ot 0,1 e~ett\'e ,..·IIM<lt)· tolt·' 
Shote' JIQ'. ' tbrous)lll, aa etteotlve bltp; value ot o,ar.,.terr ; 
vu ua..S, 'l'beoe V111u .. a:n ~tate to t~ Yft'J' lov- heq\lenq: .. 
rest<O aa4 d the" allen l'fUIIt& llhere the ourtao• van pri4coWiate•. 
A\ h1&11W .freqU121o1 .. , aliout 1 Mtt or eo, IIbera the dtr.n all<\ SI'OUJiol• 
retltote« oO!IIfi)OII*tlte predomnate, tu aotuel hl1alft aboft tu groun4· 
ot tu .21-uter IUiteDDa """""' "- n•sllote«. Tbe IUihllil!l etteoUft. 
httsllt vae deterail>e4 all ~oo1 .. betvtto ' All4 a' Mtt, uotq a 
terltt tralmdtter tllrllhb..S b:r the S...Ua Corporats.-. Tbe rellllta 
ot the" ..... Ul'O-te augpat a V111ue ot etteatl..,. hlisllt of! 0,211 
metera alli. llluttrate the de~ndtnce ot IUiteDD& pill upca hti&llt 
a\· the-. trequeo.oho. 

a.,.~ Vertical InaideDCe Ionoophlrio Ht&lurtetnta 

All aM1~1onal oxper1ant vaa U'l'alllt4 !Jo ao attewpt to 
detem. vhethefo apPreatabll hcriaontall:r·polarh..t 11>111'87 vaa ....Uat..s 
bF tht oource. A loop &~~tenaa, hlvsns ele'I'IB tun1a aa4 vbiob vu • 78 
aten 1A diaaetel't vaa IIIDUiltM oa a tr1po4 10 tba\ ita onto vaa 
abou\ 6 tee\ &boft the eartb. Tbe loop vu placM 1A the wrt1cal 
plaoe All4 oriente« oo that 111l11- 01181'1:r ll<lU14 be recdv..t dtreatt:r 
rr-thl •-· . Tile OH1lloacope aveep tiM vu lcq to pent' 
rece1Yiq a:rr, poeetble 10DOipllo'1c retlect1asa, n .... re&~on..S that 
a of.&Dal record..s ~ the tcaoephertc ~ ,..., have beee or11inal17 
hor1sontalt:r »otarued. Tbte ... ,.. tha\ tht or111nal polarbatlon 
11 preHI"\'84 attar 1oaoephtna retleouoo. ona otd& ot thl loop aa· t•- vaa fll'OUDCLI<I1 an4 1t va1 c!ulpe4 vitb a nd•- to jlllteu­
rtnstns. A 'l'ektronlX tn>el21 preupUtter vaa uaed a\ the tendnala 
ot the loop ..,tenna, and a 200·toa• ltncth ot coaxial oabu connooted 
tbe out]11lt ot the pn...,olitter to tu reoOI'dtns oaoUl.oMope •• tha 
m!Jo lite. 

In Cll'del' to calibrate tbe •:rote~~, a low I"'P""•n.,. oSgD&l 
geDel'&tor vaa tneert..s In om .. vitb the loop 1111t-. Tba et:tllotiw 
ltelsll' ot tht IUIUMII va1 calculated b:r uetns the expnoliont2 

!! I .1!!!!. 
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E • raoultant voltlll!o aot1111 lU'OIIIId the loop 
o • ttold inttnUtr ot ai-l at the loop in volts po:r IDetll' 
Jl • nu'*>Ol' of tu:rno in loop • ll 
). ~ vavelonsth ot aigr:sal in Mter• 
A • area ot loop iDiquare ~~etoro 

At a trequenc:r ot 16 kc, ! • 1.7 ""tora • • 
2.4 DEBCRIPI'IOII OT lll8'l'R\1MUl'A'l'IOII' UBl!D AT BOOLDl!ll1 COLaiADO 

Tbl& toot olto vhlch vao oevon 11Ueo eaot ot Boulde:r1 Colara4o1 had a lav noln lonl. 'lbo great-clralo d.iot&liOo hetvan tho l!o~ 
toot alto and tho Boulder lito 1o 100, lat. 

rar tho broa4b&D4 vovotOI'II """'ureMDto1 ""' outpu\ ot tho catho4o­toll""'r Ulll.t vo11t to tbt ooailloooopo thrOU&h a b&DClpooe filter de­
algnecl to redu.:e 60 ape pial<up llDd 1ntortennco troa rad.io ranp &114 
local 'broadcutllll ot&t10111, '!'be ooalllaaaopo ;raa Q041t1&4 to Pft'llit 
oolt-t:rli!iUllll vlth lither polarlt:r ot lncOIIliDC of4n&l~ Tho b...,..,.. 
baa4 puloeo vero reaorde<l troa tbt ooaillaaeopo uailll a !I' • c&Mr& vlth a til• speed ot 10 iJiahoo.por aocoad, · 

Other outputa ot tbt cathode-tollowl' unit v011t to tbt nanov­
baa41 lav-trequonc:r rocoivol'o haT~ bandl!14tho ot abolat ~22 cpa, 
Tba,. recoinro vore tune4 to trequa1101oo ot 1' &114 ,o to. A recd'YI1" 
vl th a bandvldth ot !I ko vu tune4 to a ahallnal near the •xi•• 
uablo trequono:r tor tho path, '!'be pulloo troa tho tbr .. ftaehero, 
together vlth t111inc 10&1'1u11 wro rocorde4 tra. a tcu:r-chaJinal ooa1llo­
ocopo1 uof.nl a !I' • C&Ml'a1 with • fila opoo4 ot 11 iDalloe por eoc<>ad, 
'l'rti!IIU pto pulou troa tho broodblllll oocillO.oopo ~~- llix.d.vitb tho tlllilll e&rlul 1 oo tha\ tho tilloo whot11 broadb&lld vantor.. \left 
reaordld could bt detoralne4, A tour-c~1 ooo111aacopo record troa 
Boulder lo abovn ill flfllll"l '· ~. 

In aall'br&tilll tho narr""-b&DCl equl_..t1 tho outpn ot • 11•"1 
t:rpo LP-' 11-1 generator 1111 ted throu&ll • dua;r antfml6 to tbt 
input or tho oatho4o-tollowor unit. Tho ru outpu\ ot t~ o!gn&l. 
generatca· neceU&I')' to D&tob tbt peak dotltatt"" roc01'4e4 durilll tho 

1E&Ril a 
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detection toot vaa obtained< PHil Vol~=~~:~:::~~~~:~; aalibratioa voltasea vore diYidt4'br ··-: 
llDtonna etteotiv. btishv to o~ t .. 
polarized electric tiold, 

Binet the riHliprooal ot the receiver baadvidth (2,, ., .. c) io 
lllUoh greater thaD tbt dlll'&tlon ot tho recehed ill!lllllt& (&bOll\ o.:s 
IIUitc), the rooolver output reopoo,. io preoticall.7 1aclapeadeat ot 
tho ahape ot the 1mpul.lo and i& dttenointd by ita area, JaJIIIIQ'} 
ooutirmed ~htt tho peak output voltage il pro»oi'tioaal to baadvidtb, 
tor bandvidthe leu thou about 20 ko, 

A!tor the teat aerie• vaa over, it voa taund thtt tho l:S•ko rt• 
ooiver uaed at Boulder h&d prnicualy been iOOI!U'ied tor auothu ap­
plication. 'n>e • .,. l10<11ticatioat vore ado oa u RBA rocther·in 
tho 1/aohingtcm laboratory, aad the baadvidth vaa toua4 tc bt 6}0 opo, 
llithOIIt tho C>Oditicatioao, tbt b&ndvidtb vu 420 opa, Btoau.oe the 
l:S.IIIO -.ureDODto ado at Bouldar art ooaoidered to bt llllrtliable, 
tbt l!&ta are not proaented. · 

All!plituda oalibratioa ot tbt broadband aqulpiiiODt vo• lllidt by 
oonneoting tbt standard aignal s•nerator to the input ot tbt 
oatbodt-toltover unit an4 obtaininc tho ..- output neoou&rJ to pro­
duce one oentimter peek-to-peak dafiectioo on the oacilloacopo. 'l'bia 
uaoltivity oalibratioa vao made at oaly oat tri<JU0!147• ainct tht . 
eqUiPDODt, troa otthode tollover to the output ot tht oeoillo&copo, 
haa a flat ruponao over the b&Ddvidtb uo...t, l!OIItYtr, due to tbt 
loadinc ettoct by the equipment oa tbt antenna, at the lovut tra­
quenciu, the reopo~~.~e ot the J.Ditallatioa vu } db dOVQ at • fre­
quency ot 12 kc. 

Tlto dittarent llltthodo wrt uo•d to obtain tbe val11 .. ct auta1111t 
o!ttetive halght, aad tht roaulta ot tbtoe tva coethodt art in tair 
ogrHMnt. It 11 thought thtt nearby overhead pover lint• vere re­
opoatible tor the incoaohtont rotulto obttintd in mettUl'e•ntt or 
field atrtnctht troa diotut, V&rJ lw traqu.ncr otauaw, 

'n>e 011tenna at Boulder vu }l.:S tae\ lcnc, the bott011 end at 
vbioh vao 6 teet above tbt otrtb. A 6-tcot hcrtzootal ltad~iill vtre, 
&lao 8 teet &bOYO the earth, vaa o..-oted to tbt otthode-tollcnter 
Wlit. An 8-taot vire exteDdt4 tr011 the oothod& follower to a ground 
otaU, l'blo antenna vu oonotdarH to be 4o teet (12 lllttero) laos, 
vith lta buo at the gl'O\Uid, 1/alq tolr'lilllu by X1DI on4 Blaul the 

, ...... 
'l 
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C8 • ant.,.. aapaotty, 1'2 11¢4 

'1, • antellll& baH capaatty, 
l' 11¢4 

R • inl"'t reailtaace to oatboda­
tollover unit, 7801000 ohu 

'l'M rattoa ot opon-atrcuit antenna vol~• to volU..• auppUed 
to the Input or: the eathoda-t:ollowr unit, v~1 , were aelaulated at 

a sute1 ot r:requ.notoo, The valuoo ot antenna ettactive helsht raalbed 
at f'req\MII<IiU b41tvean ' alld }0 ko are the prodllot ot tile tlleoretlcal 
otfeotlve haigbt ot '·1 llliOterl.&llll the approprlata value• ot vofv1 aa abovll in 'l'abla 2,1, 

'l'ABLI 2.1 

CO!UIXC'l'!D EIFWriVI B!IIG!ll OP All'l'EIIIIA A; llOOLD!!l 

v.jv, 

0.2, 
o.40 
0.1;8 
0.11 

---

SIOIII 

Etteott ve lfetgl!ll (llllten) 

}.7 x o.~ • o,ea 
,,7 X 0,40 • 1,, 
'·1 x o.l;8 • 1.8 
,,7 X 0,11 • 2,1 

, 
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SinGe the p .. k lA onarBJ OOa\ln'eol& ·~:~:~;~f~~~~~~~=~ corretpondin& otteottve hetgb\ ot 1.8 ·~ 
tbe valueo ot IIM1"81 recordeot o\ Bcul.des' •. A~~::~~! it io a good appl'Olriloatl.on, olcco the effective 
1.8 101tor1 'at tl'aqlliiiCiH btlow 16 lee an4 greater 
trequenoieo abOTe .16 Ita. 

Tbe oquhaloni valuoo ot field atren&th reoarde4 d diN'Itrent trequencieo were calculated b;r dividil>c the pealt-to-peo.lt voltage detlectiou, obtained 011 the oac1lloocQPI, b:r the prQPil' valuu ot <111tellll& otteotiva hdgllt, 

2., DBSCRIPl'IOII or Iltll'l'lllfMEm'l'IOII USED A"l 1/Alliiill<ll'OIIr D, C. 

Tht recording lite wu located at the CRPL J'1tl4 Stati<lll at rt. Belvotr1 V1rSillia1 tvo1va llilH aoutll ot llatb~, D, a, Th1o It at a great-otrala dittanoo ot 3400 ka tl'ca the lftTada Provf.nc Ground. 

Tho arran-nt ot the reoordina equtpm.nt it ehovn lA the block dlagraa ot Figure 2.8. The vartical ante11110 vu 21 teet 101141 viti! 
tlw bottca end about ' teet above t1w ....-til. It vu 1ocato4 !lO teet troaa the reoordtna buildil>c an4 conneato4 to a cathoda-tollc>wr unt\ dtrectl:r at ita baoa, Coaxial cablao _.,. run trcoo the oathoda• rollover UDit to tbe equt-t ·tnotde the buil.dil>c, 

For tbe brcedbaad CIOU\IrelOiato, a Tektronix tn>e 121 ];ll'<IU!plifier1 a tUtor IID1t1 an4 a 'l'oktrcoix 'IJ·D ooailloaaQPI voro uoe4, 'l'he oool.l­loocQPI wu llll>iitiod to trigger 011 ei thel' polartt:r ot inoc:rooillt otgllll)., 
'l!le vavot'ormo wre roaorde4 frcoo the oootlloaOQPI uoil>c s ' ' • cAikt1'a an4 a tilll tpee<l ot 10 lnob., per .. cood. 

u. s. ltavy t;n>e Rl!A roatlvoro, hevtnc a banllvtdtll botVHD ' db po!Ato Of abOUt 42Q apt, vere utod tO record puloot at tl'equm>aiH ot 1' and ,a kc, A bigh•trequ.,o:r receiver, vttll a band!ridtll ot about ' ko, vu tuuod to a clwu>e1 near the lllllld- utablo .tl'tquetlo:r tor tho patll, 'l'be puloot tl'oa the three reodvora, toptllor vitll tilliq lll&l'ka1 vor• recorde4 frcoo a tour-ohe.llno1 oaoilloacQPI uotac 
a " "" atrtp c01110,.., onr1 a t1~a opood ot 17 tccbH pe:p eecood. '1'.1'11• gor gate pulooa troa the Tektronix otctlloooopo vore lii1Xe4 vttll the tllll1na lll&l'ka to tll&t It vu poooible to tdonttt:r the _. tt•• vbea broadll&n4 pullet were reoor414, 
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In calibrat~ U.. nan'OII•lwl4 :~~~~g~~~~¥ output ..,.. COIU!eotod to the input ot 
loeated at the bue ot the &~~tanna. ol 
di!JIAl g01l4rat or nquirod to ""tell the ~Qrdjd dUl'IDs the detection teato ver- uoo4 'l'aluea ot <Ultenna o.troatlve height to obtain oa"ilV1>leiO~ value• ol Yel'ttcah7 poloritod eloatria ttold, 

The filter unit vhiah vao used in the broodballll aqutx-nt vu deoignod to reduce tio opo piclrup end to provide a !P'adual cutoff at trequenaieo above 100 ka so ao to reduce intartorenee trola brcecl• cast station.. For Sboto rro. l throuS)l 8 it .., .. neaU1&1'7 to uoe 
&II additional til tel' 1n the l>l'oodballll equi1)1110nt to rej""t otetiOD NSS at a traqueDa)' ot 18 ka. Thio otatton, vhiah io loeated at AnnapoUa, ll.aeyl&lld, onl7 ,o lllilea ava71 produced onere inter· tol'Onao. Since the peak ill o11tr117 occurred at troqueDOiioa near' 15 ko, the neceoait7 of ueins the NSS njeatioa filter vaa moot untortun&to, An arransoment vaa t1Dall7 lllaclo vi th the 11&"7 vhiQh resulted tn II5S belns ott tho air tar Sboto llo, 91 lO &11<1 ll. · Thuo, the NSS reJootiOD tlltar vu nat used tor thaoo eventa. 

Tvo mothodl were used to detarllline tho otteotivo height ot the 
&lltenna. B7 meuurement1 tho otteative height ·~ • triCJUO!'OJ ot 1.6 ko vu toullll to be 2,9 1M taro, uotns tonulaa b7 Kii!C aD4 Blakol, a value ot 2.1 meters vu calculated, 

Tba equivalent ail'auit ot the IUitaDII& end 1.npllt oiroult. to~· cathode·tollover unit ia shown in Figure 2,9, '3le •lrwi• valuoe "ere obtained tr011 radio-tl'OqueJ>e7 bridge -•Ul'eMDt•. c. 

R 

AntoDM Equivalent Cil'cutt 
~'aoh1ngton1 D. c. 

Figure 2.9 

Ca • antenna aapaott7, 6' ~4 
C, • antenna baao capaotty, 

'~" 
C0 • input capaolt7 ot catbcde• 

tollovv unit, 30 ~ 

R • inpU reeil- to aa~ 
touover Ullit, 7801000 ollM 

S£8RIJ ,, 
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USA If -')'be · opea oil'auit ante1111a volta~ to voltap, IUJ1t>l1ed 
to the inpo- ot tho cat.~-tollower unit, V0;v1 1 were oalaut.~ 
at a serioo ot h'oQUHG1o•, The val.,. ot antanDe aftaaUve bt:l&ht 
uoed in thio report, vhiah h tbt produo\ of tbt anta~~~~& ottootivo 
height tar tho unlao<lecl ..... and tho appropriate value ot vJvi ' 
1a 1.~ •ten. 

CORRlm'!D EtlbJl'IVX l!lUGill' OF AHTENliA ,\'r F'!. B!LVOIJI 

!{k•) Vo/Vi Etteotivo Beisbt {metero) 

' o.62 o.& X 2,1 • 1., 
10 0,66 0.66 X 2.1 • l.~ 

l' 0.67 o.B( " 2,1 • l.~ 
30 o.67 0.67 " 2,1 • l.~ 

100 o.68 0.68 " 2,1 • 1.4 

The abovo raoultl iDcliaata tbat tbe overall reoponoa ot tba 
brc&clbancl equipment, inaluclillc tba antenna but without tbe !ISS filter, 
11 flat within 1 db rro. ' ko to 100 ko, 

ft&XEI a 

:. '· 
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TM pbotcgrapb.o reaordad at tM l!enda Pl'OYil>c <h'oull4 are not 
srouPtd aocor4ina to allot aequenc. in tllia report, Pbotopoapb.o 
ot some ot the pulaea reoorded at the l!enda PrOYiq ~ and theil' 
correapoll4in,J trequeo:r tllaoU0111 bav. bHil anllllp<l. Oil 114,lacent pas-• •o that tba:r •T be Yiewd d tile oua ti.,., Additional re­
corda tw each ohot are preaeted Oil the pqea toll.ov1nc tile pre1811• 
tattoo ot trequraq tlulotiona obt&:tn.cl. at. the Nenda PrOYina <h'o\11>4. 
Tbt trequ111c:r tunotiona w.re colllpUted ~ rouriero anal;,aio tra.· tM 
no<Jrdad puleu and are plotted in percent ot maxiam urplitude aa 
a tunct1oo ot t'reqUIIIO;r, 

Tbt pulaea were phctopoapbed through a oontimot&r 81'141 but all ot the pbotosrapb.o hav. not beea reproduced to or1g1Dal stu. Whell 
aaaltna valuel ot ampl1tu@ aad t1 ... tro. tiltH recorda, the srid 
liaea oo eaob tigura ol\ould be ooaaidared aa beina 1 centimat&r aput, 

Tile sraat•circle propaptioo diatanae t'r<>a tM N<mlda PrOYiDI 
Gl'ow>d to Boulder, Colorado, ia 1000 lao, and all ot the reo<Jrda recorded at Boulder hav. the aaptioo "1000 lea tro. IP"OilD4 aero•. 
Tbt rea<Jrda llll4e at rt, Belvoir, V1rlfll21a, near \laahinaton, .D.C. are lebel.e4 .,l>oo 1m tro. sz'ouDil zero•. 

Ocoutoaall;r 1t vill be noted that the ltadina t4s-e ot the 
puloH recorded 011 the tour-ahalmel recorda are not ill au~. 
'!'hit ooDditioo occurred becau .. tbt epcta ot the tour·b- oaalllo­
ooopea vere Plll"PO"lr at~ to preTe11\ overlappiJitl ot tba IIA1'1'01f· 
band r••P<'I'" and doea not iarplr aa:r lack ot liDiltaaa1 t:r in re· oOl'llina the d1tteren11 aapeatl ot the pllelloMIIII, 

},1,1 Dioauuiou ot PllotO!!!'&Pha trOll the lfenda PrOYil!l (]roun4 

Sbct No, l 

ID prwparatiOD tar tbh teat. the value ot ut&nna etteoti.,. 
htigbt vaa o•U•t&d• aDd the exp.oted Y11lue ot tiald •tren&tla vaa 
oaloulate.l uatna the tollovina oxpreaaiOD whiob vu ausaaat&d b;r ....,.... 
ot the Loa A~ Soi-itio !.a\!Q'atorT• 

Iii I If 
)8 
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't • bCIIb )'1•14 1D ldl.otcma • 1.6 
<I • .Uat&IIH ill rdlll • 9ol 
II • t1e14 atrenctb (volta/ ... tu) • 50 Y/• 

Thil eapir1aal relat101l vaa dete1"101D14 1'rol data r""CI'de4 dur1Dc. 
0perat1CG IVY but bad ao~ beell teated tw bad>e ot s..U...O 11,.., 
The s;al.D ot tbe r""ordin& equ1-t vu adJuate4 to pcnU.11 l'eCIOI:d­
ins a t1e14 strenstb ot :50 .,;., aD4 a aveep rate of a,o lfAeo/aa 
vaa used. A• aee~t ill l'isure ,.9, tbe data 11 ot Uaite.l uae beoaUH 
tbe ~o ranare ot the reoordins equtv-n• ,.. oxnee<IH, ..,.. tbe 
IVtep rate 11&1 too llOVo l)ot, QSD 

. Dho~ no. 2 ~l'o.l!.a) Section 6.2 (a) 

... 
Iieure 

aveep rata in Jisure ,.~. The' l.attu the riM tt• ot 
t1rat nesathe pulae, ll'tsure ,,lll51a a reoca'<\ ot •~<T-va,.. ratl.eoU­
obtaine4 ua!.nc br0114band tqUt~• &114 • olov ._ rate, '1'bot- firH 
o.Dftlope oorreapoocla to tbe -87 r-1ft4 dlreoU7 1'rol tile- aoune, 
Tha ttrat •l<;r-va-.. reneouon, vbial& baa a relai1.,.17 o..U upUtwle, 
oaoure at allcut !1:50 yAH1 aorruPCQ41Jitl to a Yl.rtual hetsbt ot ...,. 
tloot1oo ot about S, lal. Tb1a ~!MGt 11 dtaouale4 latu ill tba 
report. 

Sbot llo. ' 

nsure ''' abovoo tbe pulle reoordH troa a 0.2l•ldloto. """P<IIl• detoaate4 "" top ot a ,oo.t~ tovw, The pea11 upll~ 
Ia about 12' v/,.. The oorrelpOnllillf ~ ti!Mt10111 F1sun ''' 

ESORSl' a I 
}9 

.•... "~" 
-..Ll1 fl .f I lll-J.....:.J.. 
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;~~!!:~~:::~~~~~·the OlltroV' peUI ail a t'requencj near'' ko1 tl at •IW'II aa tbat to11 Sholl llo. a; A. tu\ , 
··- preoODtatioa, ,.21, revealA the l'i .. u ... &114 dutatioa 
ot about ''' ~·.., ot negative JIU].ee. The • ..,. JIU].ae1 rtlcot'de4 at a diotanae ot ~3.6 ka tr010 groun4 zoro, 1a •hovll in rtaure ;s.29, 
lfota that the .,... pulte shape wao reaol'dad at thil diotanoe at •• 18.6 k. (ria. ,,,). 

Shot !fa, 4 

F1gun 3,6 shovo ll pulse roaordo4 :tro• aa 11-kil.otml 
veapon1 detoa&to4 at a height ot 6o22 toot above the earth, !fate 
that thia vavetar. U !lOt the same u thoae recorded t'roa bodla· 
dotolllltad oa top ot a 300-toot tower. A.ltbo\Jah the fir•' halt eyule it iA tb<t negative direction, this co"'''OOIIlt ia ot mueJi sho&-tll' ti• 
dllration tMn !or Shoto llo. 2 &114 3. The ~ale field otrenatll ot 
Bbout 86 v/• see111 to be low, canaidwin& the yield ot the bo..,, Tile 
t'requency tunct10111 Figure 3.91 1n4icatea aa ea ... u ~ale at • t're· 
qUIJIO)' near 28 ka, A record m&do with the gain aoatrola oat in 
expeot&tiOQ ot a lergar tield strength 11 ohown in Figure 3.301 
Jl'igura 3.311 which vaa recorded uo~.n& a root aweep rate, detail• the 
negative port1011 ot thl pulse, Figure 3.32 it a vertical inoidas>ce 
me&oure.nt, in41catin& tbat tha original horhOiltall)'·polariiOd aOII• 
ponen\ wao reflected :tro. an ionoopharia la,yer height ot aboull S, m. 
Figure :S ,, il a record ot reop011111 to the pulse b;r n&rrolt•balld re­
ceiver• t\lllld to 21 ' and l' Mo. Tile tioataa lll&rka are recol'dad ca the bottCIO trace. l"tgure }.}4 18 tha oa111 puloa reaorda4 ill tha 
pruence ot not•• at Bite T.lll, 43.6 loa t'rCIO the •=•· Tile arrov in41utao the waverer. which il thought to h the d .. ired one, be­
caUII it baa the same aha~ •• that ahovn in P'taur• },6, The P.¢ai­
t1ve peak value ot tield atre!!ith in rtaure 3·~ to about :lQ .,7..., 
however, that or rigun 3.6 11 about 86 v/a. '!he antennae uaed at 
the tvo oiteo wre ot the • .,.. lensth1 but only the anttMa a~ tha 
•1D atte waa calibrated. The dittereaaa in Cield strenathe my be 
due to the !&at tbat the t11o antellll&o vera at ditterem btisht• above 
the earth. 

Shot flo, 5 

P'tgure 3. 7 1o a pula• recorded :tro. tha •tcon4 ••U 
boab 1 11hich had a yield ot about 0,22 k1lot01lo 1 an4 wu dotauotad 
t'r011 the top ot a 100-toot towel'. AD autaaatic camera alluttn aloe­
in& IDIO!Iania• produced tha nohe pulaea which are • ..,. u three hcri­
zontal un .. extandina acrou tha photolll'tiPII• 'l'be tirot balt-oyale 

•••••• 
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·~-- :. 

~ -·. 

' 



.• 

DECLASSIFIED IN FULL 
Authority: EO 13526 
Chief, Records & Declass Dlv, WHS 
Date: JAN 0 2· 2013 

1o ~~&•ill ill tbe negative <U.HeUce fJld hU a dul~t101footi~:l':~j~~? l'lle traque....,. 1'llllot10D, risul'a 3;10, aarreap~ •u• .t.l.~-· 
haa a peale ill energ at a trequaaq ne&l'.}' !<co' '!'be •UI!t ~~:~~=~ ln l"l.sul'• ;s.a, vaa reoorded at a cUatOJ>Oe ot 46,,. laa t'roll.t c . Tbb vawtora is 111111Ar \o that ~n r111UH '·7• 1n<Uoat1n& 1 •. d14 not change .,.te1'iall.T at tllioa the propapticn dutana.t •. It """14· b•, •xpeotad that ·the higher 'trequenc;y aOIIpOIIellto ,.1&13 be Umoe• bis!l17 , attenuated at the greatar diatan4<ti but tbia trel14 ia.DOt e'fidtmt. trca a oompariton ot the tvo trequeno;r· 1'llllot1oaJO ill Ftgura~~o ,,10 Mel ,.u. ne1'leotiODI t'rcg tha hUla imediatltlT bebil14 Site Tolll ~haft slightly altered the vave1'0l'11 ill Figure ,,a atter about ,. ~,..,, nle rise ttmo ot tbe negat1vw pulse ia •bovn ill l"iguree }.36 and 3·311 the latter vaa recorded ua11111 a 0.,; ~·oo aveap dala;r tiilla. 

Shot llo. 6 

Figura }.12 shovl the pulte recorded at a rADse ot 2'f,l..ka fraa a 24-kiloton veaj)(lll, whicb wu detonated trooa a 300·l'oolo tow..,, The tirot halt·cJOl& i1 in tha negativw direction and baa a dura\toa. ot about ta ~·eo, and the trequenc;r tunotton, Figure },1,, peak& •• about 1' kc. 'I'U ••• pullt, recorded vUb a s\le&p &peed ot ' ~eo/¢~~, 11 seen in F:lgure ,.,al the tutal aveap tiu wu not ot auttioim lellllth tc perllit tha trace to return to tha •ero axta. 11gura ,;,,;9 she••• tbt rile tiEDO ot the negativw pha .. ot the pulaa1 uaU. • IYe*V· rate ot l ~·eo/era and • total aveep dela;r ti .. ot about o.ll ~'""· 'I'U poalc field strength recorded at ~ l<al (Fll• ,.42) io 1.2 U•a grMtar thAD that recorded at a diatanca ot 27 ka (ris. ,,12). Tbia iuoon• statenar in peek rteld strollllth wu alao ob .. ned tor s~ Jr6. 4. Since an lllltenna calibrattoa weo ll!llda at the 27-l<al lite &lid no' at the ~-m otto, tha valuea ot tteld strenctl1 raoorded at t!MI 27-lta etta are 110re roltablo. Ftgun ;J.4o, obtained uailla a owep dala;r ot .4 ~eo and VOJ.'7 high ga1111 reveah a ••11 poottift c~ 1-.11· atol;r preoodiDC tbt largo negative phaoa, 'l'ho oauaa ot thia p~ltt'l'l lZIOVe,...nt h not 1<nown1 but it wea allo roaorded a\ anothel' statioa operated b7 the Loa AlaiiiOII Saitntitlo Labol'ator;r li, Figura ,;,In 1a a rsoord shovill!l respOM .. to the pulse b;r llllrl'Oif•bancl reooivw tWie4 to !l and 2 1-!a, On the tiaiDC trAG• a second• mart ia aham "" tba extre,. right, and a 4o IDHC tiailll .,...It appevl 1-.iiatel.T belov tho 2 Mo receiver r1t11ponae. Figure '·'•2 ia 111111ar to l'lgure 3.391 except that the latter vu recorded uotns an external dala;r Una which gan ..... ep dela;r or 0.2 ~·eo. 

~1 
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Section 6.2 (a) SQ._~ ........ (O.Z(<i) 

oii~&Uie<l Vitia "'I IWIIe"p 
ot 11ftal a Yef'7 saiD vu u111cl so that tiM! •1D 

rutl<&t;tft pbaee saturated the equipraont, 'l'he eul;r detail aout.te4 ot lUI lnitl.al nesattft paloe, tall.ave4 b;r a ... u potitin pulte, 
11.114 t1'*ll:r b;r tiM! •1D neptivw one. 'l'hia detail vao alto ollternt4 
b;r the r.o. Ale- Soientitto Labot'at<>r;r srcup a\ a oep&rata lite, 
figure ,,1!6 ohove the ruponee to the pain. roac.odo4 troa the nancor­
b&Dt reathera. tuned to trllq\MI1aitt at ' oa4 2 lfo.ll.!l4 alto shove. the t.iM reaeptioa of t.IMiat puleel •• detendne.l trOll the ti!llnf ..no on the bo\tOil t>:ace, 

Shot lfo, 8 

Laborator;r ool;r 
v .. uae4 to """"""' the rill tt• at thil pulM, Sf.Dae tiM! '11 o .. iuoeaope ia capable ot reJil'oduainc pule" Vitb tutft' rile 

tlmH thaD the 'l3·D oaailloeaope1 an att~ vu made to allllpaH tiM! 
~in ti•• reaor4t4 b;r the tvo 11t1 at oquipMnt, l111tort11D&tal;r, thia 
CO\IIPUi- II .. not IUOOIJitul bt<!IUII r1n&inc oaaunottcl 1.11 all IUitaDIIA 
lta4 a.- to all ,l,•D ooailla•aopea1 111 i'1gur•,,47 oa4 },48, aa4 
too -~~ pl.ll Wilt Ult4 in tiM! '17 ooaillolcopt1 vbiall vu driTea I>HI' the paiD\ at aatwat1on at tiM! }7 Y/a lonl~ Tba paelt upU tu4ol ot 
thU put•• vu about 300 .,;. (:rtr. 3 ,1,), · 

ShOt lfo, !t 

'llw pulte raaordacl a\ a dtatanae ot 1' lal troa tbt. 27· 
kilotoo veapon1 vhiah v .. dttollata4 troa • }OO·toot t.,....., 11 •bon 
in rtaure ,,18. The peak ot the treq\lltiO;r tunattoo ot tbil pul.ae (11!1• ,,at) 
OGC\11'1 a\ abou\ 17 ka, Tilt pull•, rt<!ordod &\ tbe ••• dhtanae bu\ 

IIIRil (s 
4a 
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are nrr olrdl.al', aDl tM peall val,. or thld· atl'9111ttlti> ~~;~!;:!.=::~~ v/fJI. l.Jl both...... llish-~ rellpCII.Iite ~~~::~~a:· 
ot ' an4 2 Ita, &D4 tM tildna trac., are ablnm iA 

Shot l!o, 10 

rtsu:re 3,19 •~01111 the pul.ae reo021ded at 1.8,, ka ~ooa tile 
l'·k1loton a&IU>Oil abot, vhiah vaa detOII&ted at a hrisht ot abolrll 300 
teet above the earth. The nesattve· llelt 0:101• to aen to haw a aha:rp 
opike vhiah waa not uoual vtth the 300-toot towr sbota, Thia .• .,. 
aptke ta also erldetrt tn Ptgu:re ''"' .vhtoh wu reo~ at • <1tat&Me ot 14,4 kll, Tile vavetOl'!ll ot both puloea are •iadl.al'J eaoh hu a 
negathw peak &IIPlltude ot about !l8o v/fll., Tile peale ot the treque1107 
tunotica1 rtsure 3,22, tor tha pulse obovn in Figure 3,191 oooura all 
about 24 ka. Ptsure 3.!)4 ohOIIII the rtsa ti,. of the negative phue, 
utn& a sveep dela7 tt:at ot o,4 ~aeo, Tile .... pul.H, reoor<1acl all a 
different ette, 11 shOwn l.Jl rtsu:re 3·!'6· Tile peale up11tud .. ot both 
negattvw pulaea are about -'9<) v/fll., Figure ,,, b tM narrow•baz14 H• 
cord, •liovinc bish-traquencr i'eapoaau at ' &D4 2 Mil. rtaun ,,,., 11 
a record of earl7 rtse rate, wotns hisb gatn &114 a 0,4 11110 swep 
dala7 timo, l!o pol1t1v. or negatlvw pnouraora vera reoo:rde<l iA a<1· 
vaaoe ot the •tn negative pulaa, 'l'hto retult waa aoor!.rllo4 b;r 
me=ero ot the Loa Alallol .S01ent1tio Laborator)', 

ShOt l!o, ll 

Shot l!o, ll, haYilll a rtal4 ot about 61 lt1lotcaa1 vu aa 
air <1roP detonated at a heisht of 13,0 teet abovw the eutb, Tile re• 
corded pull• ia oh<MI in Pigu:re 3.20, 0114 ita traquenor tliDotiOD ta 
oltown in Ftsu:re 3.23, vith a peall at about 1.8 ko, A aQ'aPa'liOG ot 
thia record vtth that of Sbot :fo, 4, another air <1roP (JS.C• ,,6), 
reYMla aomo etgntttoant ditterencal, Tile ractlaUon pattern rro. a 
btsh atr 4roP illf4ht be ditterent n-011 that ot a low 111'1! 4rop, &D4 
du. to <11tterent ""''l•• ot retleotiOD ~011 tbe Bl'OW141 di.tterenc .. 1n 
thl wavetCD'IIII ot rout 'ted pulaH voul4 be produo..S , Tile record. 
ahovn tn Ptgure ', :;8 reYIIIOll the ria• time ot the neptive pbale or 
the pulse, Thto · reoor.S vat lll&de uoioc • 0,11 111eo avwep delat tillle. 
Ftsu;re ,,:Y.) allovo thl poaitlve '<1et&11 reo0r<1ed in act..._ ot the 
main nepttvw ph& .. , Thia reoord vae Ibid• ueilll a 0,4 111M .,...., 
dela;r t1:1111 0114 it vu neoauarp to Ull 11 verp btgll gaill ill order 
to "" tltlae small pot1t1vw preouraort, 
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All ot the IIN'J'OII·bml reG<ria re~ a\ llO\Jl,J1q -
lillil.&r ill appearance, 'l'he ..,~lov-f\oeq..uq reC,einl'a ~ ~~ 
to l' IUl4 ~ ko ~.the telir aert••• vllere .. ~ bisiJ-floeqiMDOl' 
reollver vu tuM4 to a abanual U.V tl1a -.1- uta!J!Ai ~o:r;­
P1gura ,,., to a typtaal reacrtl ot IW'rCV·bai!A reaainr re•»-•• 
'lbe n•pon••• reaorde4 a\ l" all4 '0· kll ha~ a stoep. tl'oll\c all4 ..,. alov 
deaq tw, due to rf.ns1nit.produce4 1A the reaef.ver8. 'I'll&- reae1V1!r 
ou~t reapooM u illdepall4eut ot tlla shape· ot tile reoelYe<\ 'PUller· 
h.,....,.r, the peak amplitude at the racti1V1!r ra~ 1e ritlata4 to 
the erwrg ot the reaehe4 ~·· Oloill01ac>p<t fll'l4' U.11 .. ;. Wl'tt 
pbotof!l'aphlil v1tll the 'PUll•• IUl4 appet.r ill tba Uluatrattoua aa 
oquall.T apaceil borbootal 11.11 .. , Tile- raopeaae rea011'4e4· air· a t're• 
QIWIC7 ot 2.99 Ho 11 a0111110oeil ot a uud>er ot 111dlrt4ual pulaaa vhtah 
arr1ve4 at 41!t'erent tntarvall of tt1111 depond.ina upen the nlllllber ot 
lliOdaa retllateil troca the 1aooal'llere: IUl4 the propapUCD dalq tor 
.S.b. 'rba tila apeoil ot 11 !Jl/aeo 1a too •low to ale81'1,- eeperata 
theM illdtrtdual pulaH aillae the time illtanala ara ot tile order 
ot 100 ~'"· A 4o ueo tw illtanal 11 ~~~~ow, alld tt 1• tarml.Date4 
b7 a ona aeaCII>II morlc, The ••ller square pulse oo the tiM trace 11 
till pulse gata output IO&l'l& troa tile 'l'elltranix oaoUlcacope alld fA· 
dlootu that tbe broadhai!A reGalftl' raoordeil • pu1 .. at that tt,., 

. Ptgure ,,n above a tiM OOOIPUloCQ ...S. betveoa a 1111'1 
aeooa<ll .,...11 _{o0111ht1Dc ot ' o;ralu at 1000 opa) aDd· a aeoCIDdll 
pulae troa the t1al.nl untt7 lfota that the pulse troa tba tiller 
lap the bogl.Jmtq ot tba IIW aeooouU pulae b7 about i,,6 mill1· 
aooQ:Ida, '1'111• !.a& vu oorreate4· by a4Juat.1.oa a pbue abttttq a CD• 
trol ors tba t'requna:r 41rtdal' Wilt, A battar &fll'l-d .1• sbow 
1D Flflllft ,,71, ID P1gure 3o70 a aeaon41 pulae t\-011 etatiCD 1111'1 
ta tallove4 b:r a ... onda pulae reoetveil tr011 WVII about 10,6 
lll1ll11oaCII>IIa latar. 'rba tt..l' UISit vaa not 1u oporat1011 tCTir Shot 
!fo, 8 at Boulder. It vu DOOIISU'T to raooril •tattoa lltiY diraotl:r 
on the tiAtq trace •• aeu ill Figura 3.83. Note that the 4llo apa 
otiledT tone endl ,Just btttore the pulael tr()Ol tba datalattOG 118ft 
reo0l'4e4. 'rba larp pulae oa the tiAtq trace wu abo reoe1Y_. 
troa tba detonation at • f\oequtiSOT ot ' ll!. 

Details ot tile shape ot tba pulto tw Shot l!Oo ~ aa 
reaor4M b:r tile broadhal!4 ~quipo~~nt, are a bow ill Figura 3• ~. lfota 
that tba ttrat halt ayclt 1a ne~Uve. 'lbe duret1aa ot tile •a 
pert ot the waYetora 11 &bo\3 262 J.&Ue1 bu11 a halt o;ralo ot emall 
o.mpl1tude 11 seea to OCC\Il' a11 about ~50 ~'"· 'rba •••0114 halt 
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~:;;i\iii~t":~""''~t,.,. at t~h<Nt o.6? .,,.._ ~~~ r~ '' 760 · wicll 

~:!:OJ t\~Mtiao tall tlll,a wb.•• 1' 1• .... th&ll tu: Jl<lalt. 
of the t1 t.nl4t1ca 1• ~ ta ko, ~1101l· of' tll*' vavetor• 
at thAt reo~ t.t a diataoa• or 21 k111· •tr. t!W·· 
lie~ Gro\1114 (l'il• ,,la), lbcMr til&\'. tha oA. :recocde4.. 11.\ .• 

1000 ka 1a a'bov.ll 4 tblta a, 101111 all4 ·~~· to' be c~• .. ol 
a serioa ot pulaea ot the type ·reo~ all a., ka. Br o~u..­
th• troquaqcy tllllctiont ot the .. puloilll. r•o~ d tlilllf<l!vacla 
Pl'orlnl Or~ llitla thoq rooordt<l "' Bou1dW; Qolort.do,.. tlui et. 
toota ot propaptiaa o~q> 'be IHI!Io '1'boe peal! troq<Wno:t 1• ollittH. 
bJ propapUOD troa abOIR 1:1 ko to abCil11 la leo, and the troq<Wiiq 
compme11te &bon 16 ko are atrOIIIIlJ attonuatedo Br COIIIPN'h<ll; 
thl ....,utudt ot the troquenor compone11ta below l2 leo &rt ~ at­
tollll&tod naar1J aa 'OIIIOil aa thoae &bov, 1.6 ko, 'rbue, til& etteols on 
the vawton prc4ucad br prcpaptioa 1.1 aill!.1or to tha\ prcduCed bJ 
a lov pa.. til ter. · 

Acldi\1011&1 reoorda o'bt&ii!H at Boulder, vllicll lfJil:l be 
:nterprated ill the •- _.,, appeu ill Pil\ll'n ,,7&, ,,81 an4 
).84. F111Uft ,,90 1• t. ohar\ plotted to siw propr.ptiOil dalq 
timu bati<Hil euocaaat .. 111011•• owl' a 1000 ka petla •• a tunoU011 
ot ionoapllario 1&JH bo1sllt1 p&raMtrio 1a 11\lllllltl' at iono.pberio 
rotlectiQIIAI, 'l'bia char\ vaa uaed to o>epl.&ia the aQIIIPoaitiOil ot the 
pulse aiiOvft ill l71&1U'• ,,7\, rrc. tble cil4l't1 aaalllliq a 1~ hlilhto 
ot 8o kll, the tirat-bop aq vaw vill aniva abO\Ii 6o 11••• l&ter tl'.an 

tho grOua<I•V&W ·-·· 8i~l.&l'1J'1 tl>ol IHaad·hop IIlii V&W v'ill 
be delaye4 tS, ,. .. , the tlaiH bop ,eo"'" an4 the tourtla bop 6lto 
J!IIO, vitll I'Oipect to the grD\11>4 \/LYe lll'ri"V&1 ti•• l' ia l'MIOil&hle 
to attribute the tint tvo h&1f-o;r<llta ot the Pllhe ill Piaure '' ~ 
to sroun4 V&W an4 tile l&tter partiOD to ·ell:)' V&'tlo A chanp iD V&'te• 

ton, ·oOI11iltillf ot 4 halt OJ<llll1 oocura ..rtn abol1' 6o "'"• aor­
ro•)>OI>Ilinl to the time of ll'l'ival ot the tirl\-bcp okr van. '1'be 
tirat-hQP okr vaw arrivt<l v:l.tb ao appaHnll r-••1 ill pb&ae. S.,... 
vorkero) alai• that the ttr•to-hat •kJ' vaw ia rooeivt<l vl.tla a phue 

rl'tll'aal, LiltlviH a chan&• OOOUI'& alto 111' "'"' corr .. paadinl to 
the arri"t&l' ti• ot the aocoad-hcp all:)' vave, 'the tvo hall C:IIOle& ot 
small .-p11tude1 bolinniDI alter 6~ 111oc1 carreapaa4 to tbo ti .. 
ot the arrival ot thl third•hcp •loT vaw, 'l'he calculated tiM ct 
arrival tor the third-bop okr va.,. 1a ,oo ~''" an4 approxi•te• the 
bos11111i!l41 tiM ot a uriu ct about; 6 halt •:1111oe ot verr ••11 
ampl1t\ldt, 1fo turthol' ooo1llatioaa1 due to hisllor prcpeptioa 
tl0dea1 are diaa...,..l>lo, 
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,~o " lqu· he isM ot- '/0. ~ vbioll i"~-~~~~~§~~~~ f'req\UIIlOiee. It 11 lalown tbail .,. 
tM propapti011 patll 11 a deoreue iA 
oUIIl'iH oacuri-ed alone tM patll of 
cOIIIideratioc, it i& likelJ' that 
h obtaine4 tor eaob ~. Tw tbio reu011,, tl1eo 
delo:r i11tenal..l corrupondinC to a c0110tant1 1A1V 
rigorouol:r correct. '1'llAI 1011 nudla'l' ·at •I<T·II&TI< 
dence at high &baorptico •lollc the path. Undeir· cond.itica.e- .. low 
abaol"Ption al.otlC an a11-dari<Mea.po.th, it ia nail UDUalllll to recei're 
ten or more mode a ot retlectioa trooa diatant. atiiD<Ipherta. •. 

3.1.3 Diecuuion ot 1/uhingtOIIr D. 0. Recorda 

Figure 3.98 ie typical ot the narrov-b&nd receiver 1'1• 
apon.,a recorded. at Ft. Belvoir. Two u. S, lf&Y)" t)'»* RJIA;. tuned~ 
re.dio-trequen..,. r..,.ivere, each bavinC a band.vtcl.tb of abouil 420 cpa, 
"are u11d to record. pulau tr.,. detonationa' at treqwonoiea at 16 &114 '0 lu>. '!'he l.owut treque110:r :raoo!.vu at Ft. Belvoboc vu tWie4 to 
1.6 lu> inotead ot 1:5 kc, l!ovner, b:r reterrinc to tba- treqUIDC:r 
tunctionl ot the pulaao recorcl.e4 at Boulder au4 rt, l!elYOb tor 
sbota lfo. 91 10 au4 111 it """ be '"" that the diftere110a ill &11Pli• 
tudeo recelve4 at trequenouo ot 1:5 1114 16 leo ia vu:r ••11 &114 r:.:r 
he neclected tor tho purpoaea ot tbi& report, Tile tdp trace ohovn 
in Ticure 3.98 obovo tba retpCCII ot tba 30•kc reoeiYer, vbioll 01'11'· 
lopo that ot the 1.6 kc receiYer. A ver:r ••11 litlll&l vu recorW 
at 10 lie. A 40 1111ec ti• intanal CUI be ••n on the tilliDI trace, 
and tho pulll on tho right h a lloonda IIIU'ktr. Tbe pula• oa tho 
tilllin& trace at tho detonation tillll h trooo tho Tektronix o~aillo­
acope, indicattnc that tho bro~ recaiYar recor4e4 a pul..la a\ 
that time, A tow r .. PQUII vitll 1111a11 upUtude1 dull to clilt&D. 
atulolpheriae1 aOA be uu Oil the 16 ka cbamlel, 

'!'he pul..lta recorded b:r tba bi:'Oidblbcl recdYorl a\ Ft. 
BelToir cUI bl 111terprete4 in tho n• -.. u tbooe reoorde<t 
at Boulder. It t1011t be bO\'DI in 111114 tha• r. b&lll\-reJtotioil tilter, 
c1Atert4 on 18 ko1 diltorte4 all recorda tr .. Sbota prtor to 6bo11 
No. 9. ror txa11Plo1 ••• Fi,... •• ,,97, ,.99 1114 ,,101, ror tlli& 
rea1011 trequen..,. tunctlone ot tba pula .. ua clilpl..a.7e<l oal;r tor 
Shott Ho. 91 10· 11114 11, SUitable reaorclo, \lblob 1111'1 reoorde<t 
at Bollldar 1114 n. Deboir tor Sllote lfo, 9 ""' 101 tbow et:l'icta ot 
10110tpharia tiltorioc. The p1111 .. recode4 "'' rt, BelTOb' are 
ai111pltr in character tbon tbo«e r<!aordecl at Dolllder, The 1111101' 
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r;~~~~~tl'o4u;o.rt-•ll<t• ,,101~ ,,10,• ,,lo6, ,.... due. to-
ll ~ 110\ IL part ot t~ c1111:.4 d&DA4 ·. ' · 

. ·- ' •. ·,d·' ··.' 

n.· !!Z'0J114 ~~&ve attt~~~~atl«D· (reterrell tO the- V111UOt. ,..,, loiS kl8) 
to. .. '"«i 1ca path 11 ~ 6o ·~ - soot .n11 •. Tlllll'etera, .. ~ 
groullll•vave. pul1a wu 110\ ·recal:ve<l a\ n. J!elYoil', tr&W., re:f' tlla<n7• 
the ~ o1 arn'l'al t~ the ttut-boJ sq. ,..... te a necatt~ *• 
IUl4 there 11 no eYidellce tba\.the t1rtt·boJ •kr vave vea•nodm· at 
Ft. l!el't011', AoawdDf u 101101phar1e 1aJW 1111gb\· ot 80 . ..a,; there 
v111 ba •ppraxt.tal)' a ,0 I'IM delq (o4a 111• ,,112) _ batveelli the 
IOIT~val ot the thW. all4 tOilrlll-hclp eq vaft' 11114 a~ 120 11,_ 
de~ be- the fourth· IUl4 tUtll-hD» olq vaw. Reterrlll41 ~.· 
F1~e },lo6 it 11 aii'UIIItd that tha tirot tvo halt•OfOlU COI'nlpond 
to tha aeocad-hop •ItT Vllfto 'l'ba tb1l'4 halt-oyola 1e •- to an-in 
abeo1t ,o 11•eo atta1' the bes1nii1Df ol the tll'ot balt·ofOl•r &114 tile 
tll1r4 10114 fourth halt-cycle• an toketl to be the th11'4·h<>P slt7-11&W 
raflaot1oat. S1.a1wl)', the tilth an4 oiXtJI, halt-oyol.,.· oorreopoad to 
the arrival t1u of the tcurth-hop olq vave, 

Reproduotiou ot ac141 t1011111 recet.'dl obtetne4 at n. 
J!elvoll' appoar 1D rtsur .. ,,91 to ,.111. 

SEC KIT 
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CI!APrDI IV 

DillCI188XOll Of RESULT8 

4 .l ACCUIIACY or TIMiliG A'l ALL STATIOll8 

. :' j -~ • .. . -~ 
·~- ,· 
. ' ,, 
,. 

Heaauremonta ot virtual ti""' ot c!.otonationa vere ll&c!.o at all 
sites, lncludins Staotord, (No dioouoaton ot other ~ement• mad~ 
at Stanford IU'o given in th.1o repart.) Detonat!M ti!IIOo vere coa­
putad tr~ tho obunatiooe at eacll reeordtns alto in accordance vith 
the tollovtns 

T
0 

• tt• ot reception or pulse at reoordill8 alto, 
uains \11/V (or IIWVII) ti!IIO aa received, ua­
corrooted tor propagation de~. 

T0 • tim ot propagatioll or atand.\1'\\ 'JW (or IIIIVII) 
u .. oignal to recordtns alto, 

Tp • ttmo ot propagatioll ot pul .. lignal to record­
in& lite. 

T4 • T0 + '1'0 - 'l'p • aatr0D0111oe1 tiDI ot detonatto~: 

PARAMm'ERS F<ll COMPt7UJIG AS'J:Ronac:CAL 'l'lMI or Dm'OliATIOif 
( 1D oocOiidi) 

StatiM To _i_ Ta • 'l'p 

!fend& Prcrring 
Ground o,ou, 0.000 o.ou, 

Boulder 0.008 o.oolo o.~ 
Ft. lltlvo1r 0,000 O,Oll' .o,ou, 
Staotord 0,01~ 0,001! 0,012 

Atter the approxi•te detonation ttmoa vert knovn, taotora such 
•• tho relative omplituc!.o or tho 1' and 30 ko a!gnalo, the tt .. oo­
inoideiiCt ot pul.veo recorded "" tho three narrov•babd cha.cnelt, 0114 
tho appearance ot the broadlwl4 vent.,..-. l!lllde po*'itile, in cooat 
cuu, tho aelootiOil ot tho ooneot ~ul•• ot ~acb atatiOilo When _.. 

4ESREI 
liT 

' 
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O<:OUI'&~ prop6pitOD tim .. had b..,. datera1ned, t,e, the dal.&7 1D 
ar:riTal ot · atpla trCI* hW ...S \.be aotual delo~ time ot the :plllle 
tra~iillC OvU a laiOIIII diltanoe, the eX&O\ datO!I&UOD tiM a\ 
lleTIIda l'rO'rlnC Grow>4· vu calculated. 'l'lle reoulta ot IIUOII. cal.oal&• 
tiOJIS &re tabulated iD 'l'abl,e ~.a, whtcb. ehowa tha' all ~ the de· 
V:olatim tt•• agree to vitb!JI 3 lllilliaec<>:ldo, rltb one e~ptlm. 

TABIJC ~.2 

»ll'l'OlfA1'IOII TIMBS O!lrAiliEII A'l !lACJ! STA'!'IQ!! 

Shot 
~ ~ l!ovada Boulder Wat b1 !!SJ!!!! Stenford 

1 Mal'ol7 ~20100.,40 1,20100.329 l,all100.3~1 1320t00.,39 
2 Mar.24 1310100.099 l'l0tOO.Q99 1310100.100 ~10100,100 

~ !>!ar.,l 1300100.007 1'00100.oo6 ~00100.009 1'001 oo.oo6 
Apr. 6 l~t3M21t 1~136.4al! l~t36.~ 1~t38.~ 

' Apr.ll 12 ~~-7~ 12 ·~·791 12 159. 12 ~~. 
6 Apr.l6 12341~.972 1234•,9·970 123111~-971 12311·~-972 

A 
Apr,2, 12291~·7'72 12291'9·773 12291~.m l229t~.m 
Mq6 ~·"·3~ t529•,.;m ~.,.m ~·"·'" 9 Mar 19 .~.,..2 120itl59o 5112 ·~·~ ·~·,..1 

10 ~az 1530t00.331 1530100.,46 l5,0tOO,,l l,,tOO,,"' 
11 1114156.69-a !Ia record lll4t56.692 lll4t56o691 

4.2 Dtscuooion ot Bloatroo!goetio RadtatiOD and Ito ProP!R!tioa 

It io oll&l' t:ral tha taresolna that tb.l oxplali.m at llll A·bDIIIb 
sivea riae to a pulle ot eleo~tio radiatim, tile Pl'iDoipla 
onerg ot which u .. 1D tile ve-q 1011 treqUeDO;r part ot the r..UO 
apeotrua rlth ito !IIlii- l:rilll betwl11 1' and 60 ko, tar ve&pa>a 
ot the otrea \lied 1D t11e UPSIIOr·IOIOl'IIOLI tetu. It 11 allo ol&ll' 
that the r..U..tia> it predolllinanti:r plana-polaril414 witb ita ellotrio 
veatol' ~oular, 

until a eattotaotol';r IICdel 'Ot PI'OCOtl hu b- developed 
n -:r be ,...u.4 that tba radiatt.m to subotantial11 the a&llll u 
thll• radiatfd bT obooii•Uoit1111 a lOII•t'Nqi>IIIUIJ'> bish11·duped 
~. \1\\ will .,,_ that tbia ant~~~~~& 11 ab«il aa aompaaoe4 
with tb.l vawlenctll a~ wbicll thl ooerg baa a aax1Jiaa, ancl that one 
en4 I• at or olooe to the aurtace at the ovtb, 

OEOIIT 
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Ener111 propagated 111 tha grOUD4 vave b attenuated blf: 
three principal taator11 naallf, apreodi141 out ot the ~~&ve, abaorp­
tioo ot the oner111 by the ground, an4 dtttraction arou>ld the eartb. 
Tbil latter taatot' becomu il!IPortant at great di•tano••· over .. 
Plane earth the da11ait;r ot oDtrr/1:1 ia sivell by 

(l) 

vbero ! 0 11 the onor~~:~ at unit diotanae1 d 1 the diltanoe at 
vbicb tho onor111 b obllel'Te<\1 an4 a 1 an attoauati001 iode.x depen• 
dent 011 the electric condu.at1YitJ' and dielectric conotant ot tba 
ground, 'l'bUI at dilt&Doeo cloee to the oource1 the inveroe dilt..mc. 
ottect 11 gr"'ter1 vbile at greetor diotanooo aboorpt1001 beaa.a ..,... 
important. At' dhtancll !IIUCb over 1000 lao the etteat at the cuna­
ture ot the earth beoomeo important and louu du. to dittractioo 
Bl'OUDd the e&rth .... t be taluln into &acO\lllt 111 additiOD to the loueo 
mentioned above, 

~.2.2 sq-van Propagati011 

!loot ot the ODor/1:/ r&dtatod tr011 our aaiiWII<l model 11 
propaptod upvard throuab tbl at11101pbon allll dOle not go into thl 
surtaot vave, SCIIMI ot tb11 enor~~:~ it refieoted b;r the i0010tphara 
an4 returned to tha aurtaca ot the euth, Tbio 1a lawMa u one­
hap aq-vaft propagation, The rtt\ll'Md eruor/l:f m&J' be piU'tialllf 
rotlooted b1 tha euth back to the iOIIOIPben vhere it m;r be aptn 
renacted an4 the P1'1""'" repaated &D)' ll\IJIIber ot u..... Tbie 11 
knoVII •• cultiple-bop all)'-v&ve prapap.tioo. Attenuation at tbl 
sq-vne coodet il dltersined b;r the apree41J41: out ot the .... .,. allll 
by loueo through retlect1oo at tbl ionoopben and at the eutb. 
The onor/l:f denoity at o.- dbtaace 4 1 du. to eaab mode 11 given 
b)' 

tl811rf. 
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(2) 

111 vbich B0 Ia the 11MrS7 dtnlity at unit dilt~J~Ce h'OII tbe source 
ill tM direction ot tbe central- r&}' tor tMt partloul.v ~. Rt 
o.nd R0 1 tlw rsneattoa aoettloiento ot tM lonoopllere ll.ll4 tM 
earth, &lid n , tM number ot bopa in tlw ~. In meet cu.. R., 
1a conaldtrobl}' greater th&ll R1 and 'la'l be ccnddtred unity. 

The nlue which R1 ~ aoaUOIII covera a vtdt r&nge. 
It dtpellda on geosrapb!a locatloo, tt .. ot dey, oeuOD ot year, 
8dlll.lth ot propagation, &lid ansla ot inaldtnce OD tM Ionosphere. 
For ••11 ansloo ot tnaidtnce, I.e. whoa tM enersr to pr<>p~~&atocl 
nearly n0l'111111 to tM IODOOphers, R1 to .,.u, 0.01 or leeo, but 
at largar ansleo, parttaularl}' at night, it 'rt6'f approaob untt:r. 
Because or tM ..... unua ot R1 tor ••11 o.ngJ.u ot !noidtnoe, 
on!7 tbe modta bavln& a tw renectiooia at ratMr larp analee de­
liver lllloh enersr at a dlatant point, ll.ll4 aq-vave modto are ot 
little importance a\ ahort dbtancee tor lov-trequenoy pr-tiOD. 
The anslea at incidence are calaulatod oa the bub ot cluaical 
-trio opt!aa, reprclt.na the !011011pbers ll.ll4 the earth u two 
cooaelltria spherical adrrcra, ac:DCave and oODVOx1 ooparoted by a 
diatonce ot 70 to 90 ka tor lov-treqnency vavu. 

Becauae ot dittorencu in lenath ot path travaraecl by 
tM gro.Ul4 van and tht several aq-wavt modta tro. the ecuroe to a 
rece1Vill8 point, tM waveo llrrivilll b:r Ollll modt ...., be in or out 
ot pbue 11ith reopect to anothtr at certaio trequenolea. 'l'bit 
give• rile to regiooa where tht tlpl 11 elllwlced or dilliniabocl 
v1th reopoot t<' vha\ It VOGld be It oal:r 0111 modt wre active. 
Jlowevar, It a trant11itted alpl coadot• ot a pulae repreaentable 
h:r a band ot trequ...,oieo, aocl the dttterence in travel u .. by 
dltterent modto Ia auoh tha\ tht algnall !1'001 tva or _.. ~~ 
•rp, aa elteratiOD in the fCiriO at tM received pu11e oaou:l'l. 
Thie reaulto In a cbanp In the spectral repreeutatloo ot tM 
pulle, aaa. treque110:r regioao betn& enhanced and otbn dilliniobed, 
1\ Ia not: poelibla the\ enbance....,t' w diminuttoa can ooour 
t!xrou3bout tht opactral ronc• ot the pul.ae. 
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At diotan~• troa tb. aOIU'a• autt1oten-ti·fire~11\ tba11: 
a nulllbv ot tndapendllnt, l.up ou&le, alq-va.,. IIQdea aiL#: bel •au ... , 
thl entrg)' radiated at lOll' 0D3ltl troa the 10\ll'CI'lii&J'b.t';re~ 
ao trapped botveon the earth an4 the lonoaphare, !lvtbtltcat~·t\ 
ia oonV'tnient to oon.oldor propaptlon u ._ wave ·guide phlihoMIIOII~ 
'l'ht tnert!)'il attcmuated b7 apraacUns out ot the wan1 but 1~· th!a 
cau, oince the onerg doeo not apred out in throe· d1,.ne:l0nl'l" 1 t 
ia attenuated proporttonate17, approxi•tel7 to tbit inverie' t1re­
p0111r ot tha dlatanae inatoad ot the invoroe aquare, Additional 
attenuation reoulta tro.a absorption in the wave guide. The energ 
density at aey point at diltance d ""7 bt given b7 

In vhioh Ei lo the ener111 dendt7 at dhtance dt wh<lre one :11a7 
bogtn to appl7 tho vove guide ooacapt, and 0 and Ot an tbit 
ongular moaaurta ot d and di to correot tor tbit finite ournture 
or tho earth, The index, a , ia the abaorptioo ooetrio1ent or the 
vave guide, The equatioo •r be expreoaod in 1110rt usable fora 

(I>) 

in vh!cb K h a cooftioiont of aoupUq in l&UMhintl the vaft­
gulde lDOdt oud l:o haa the ••• slgnitiaance &a In ;:quatioa (l), 
but a dooa not haw the ••• •alue •• in Equation (l), 

~.2.4 Appliaatioa! to Obaorvationa Roportod 

We ma7 nov aoaa1der the application ot those prinoiploe 
to the coouuro•nta deaoribt4 in thia nport, 'rbit lle'tada Prortn& 
Ground oitea lll'e vell vi thin the 're11011 vher. praot1eall7 all the 
ener111 rlaoiYed ia tr&n1111ttt4 troa tbe oouroo b:,- the grouncl-vave 
liOII.e, Bt<>ouao of the olo .. , ... of tha roceivlnl Ute to the 
•OUl'co, In all oaaoa, and th• low attenuation b7 l!l"Ouncl abtorptioa 
tor the epeatrua ra11p ot the pulle, tho ohapo of the pula•, aa 
roaoivtd at thea! aitoa, Ia but little altorecl by prapa~tioa oftoota. 
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rt, Belvo~ lll veU vitll1n ~he reaioa where, tba wtove• 
sui4e !DOdel oq be aouidere4 opplioa'bl.e, A\ tll1o diatallca the 
gte>UD4- ,,.,. lo so •~cq attenuatl<\ br gtOWI4 oba<>rl'ti!"' on4 
louea due to dittractiOA IU'OI.IIi4 the eutb tlltot it oq be co~~ai4ere4 
ac>~~plotely .absent. The OM•bop slt)'-vave :ooda delivara no appre­
ciable enerv bacaUJe a direct oM-hop patll io not -tri••ll7 
po .. iblo, ao that onarta to oxai ta till& lDOde muat be dittl'aote4 
·~ the etU"tb with ottoodant heayY looaeo. Tvo-, throe-, tour­
aDd biabtr-hop liOdea are pen&laeibl.e, an4 tile anclaa ot' inoi4ence 
are so gtea\ that the retleotiOA aoettiaiento are wp, 

The lite at Bot.lld.er Uta ill & tr&Mtt1011 reg1oa. Tba 
ground vaTtl and tba one-bop ok)' ,....., deliver 1111arl:r all tbe Olllll'IU· 
HJ.cber order liOdeo are olao active, but except tar the tvo-'bop 
mode, little energ)' 11 deUwre4 b;r the• bee&Uie ot the lov 1'<1• 
tloction aoettialolltl tor the 01Mll 111181•• ot illaideiiC<I 111YolYI<\, 
It 11 aollvellient to uoume that Bollldar io at • outficilllt diltonce 
tl'oa the Nevada PrO"flnS GroUl>d that vove-guidt &pProxi-tiOM otq 
be a0111iderad t'roa that point outvord, 

lo,) S'IALUA'l'IOJ OF PROPAGA'l'IOJ COliS'J'AII'l'S 

V&riOIII conata11te uaed far c&lcultt1011 of tiel<! atrenathl at 
lOif' tl'oqueoaiot appetU" ill thl littr&ture. RoveVIS', becauae ot 
the Vfll'7 opeoiol nature ot tbeH oboervatioco, it vaa conddlred 
dtlirobJ..e to dtriYO IIOV COUitantl fl'oa the date tlloiiMlTtllo 

The firot stop vaa to colcultte the totol ourS)' deuitr re­
cordod at each of tile aitea, Thia v&a dollo b:r moaeurinc the da­
floctiOIII ot tho oacillotacpea aauaod b7 the pulAe at reJUl&r in­
ternla at t1111, A t, The or<!inatel 10 obtailled vera oqU&rad IUI4 
""ltiplieol b7 the sqll&l'e ot the reduction raatOI' tor aOimll'don at 
ooailLlta~· dotleotion to volt. pol' !Otter and b7 tba loll8tll at 
the timt 111te1"flll lliYOlvocl, The qu&lltitioo o.o obtaillt<l vore ~4 
aDd divided b;r }77 o'- to give tho ruulte ill JOill .. par sqU&H 
!Dtter. The procoduro ia ropreaetod ill tbl tollovtnc oquot1011. 

ill which n2 11 the ordinate in co11tiMtara oc the osoilloao~, 
v tha roduotiOII 1'114\or, and A t tl:a u ... interval betvoon 
ordinataa. 
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In sddlt1011 t'- o~WrBJ Yalu .. obtained . . 
&t the lltvw l'rovlric GrOUilll vera ;::. : '' 
1 lei troa the soure• In ICeordallee wltll Tlift'· 11a11. ·. ·, 1 ' •. ·: 
done so tllat energ t'roa tbe vartouo shota c~ oo!IPAI'td .~ • .., ... 
the dhtanou ot: tbt l'<loordiDJ oltea tro• t• scuree· "-·diffiortn1ti·'• 
tor the l'IZ'lout shot.. In making thto normaUz•tl~ ill...,. ..... 
sullied that grOUDd-vave aboorptlOil over aueh abort dlltanc .. · wU: · 
nesllgiblo, 

~1le enorg dandtlao caleuloted tor the veri"" fhota are 
presented in Table ~.,, In ca .. , vhen data are lockins Ill the 
table, aultablo record• tor oalculatllla tho enerv were not 
obtalntd, Aleo the enerQ Yalu .. t:w Shott No, 6, 7, and 8 at 
l't, Belvoir ...., a little too lo.,, due to the flUor \lbioh waa 
CO!lJ1eoted In the ncolvlng circuit to ol11111nate Interference troa 
uss. 

'l'Al!LI 4.} 

8LEC'I'ROMAGNmC ElmlaY RADIA'l'l!D FROM SHOrS NO, 2 • ll 

l!llorg Deneity 
Eo Obotrved at l!lltrg Denoit)' ElltrBJ De.,.itT 

Shot '!'otal Enerr liPO llor!ll&lhed El Obttrved;t ~ Obttrved at 
Ko, !>r (Jouloa ~~ ka (J/~) Boulder (J/ ) l't. B<tlvoir (J/~) 

2 6.1 X 106 1~ X 10"' ,299 X 10-6 

' 0,22 " \06 "x w-3 
4 o. '1 " lo6 121 X 10"' _\ 

' 0.12 " 106 28 x w·3 ·f"' 
6 10,4 " 10

6 249i>·~-u)-~;t.01 ' ,;h, x lo-6 ,018 X 10-6 
X 106 ·- ---·· .1 ;' 

,02, " 10-6 7 1,,9 ,OOOic 10'.53,\' ?,1183 x 10-6 r 
X 106 

~i. tl \' 
.009 x to-6 6 ,.7 1,56o X to·3 /.I < \.107 X 10·6 

9 10.4 ~ 106 24e0 -~. iO:.fJ.···~ ;:1~ x w6 .007 x lo-6 
10 2.8 lC 106 . 680 x io·3S·'I; '' 'tYH x Lo-6 ,OQ!t X 10-6 

t!' 
11 9.2 lC 106 2200 lC 10'' 1·'43 .009,. 1o-6 

UOIIEI 
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pallet roaor<fo4 all. Bouldu IU!&<flt. ~~~ tile 
It d,.. to. IU'rlval ot tile >nU'tace.l/l.l'l allll 

vava IU'l'ivoa Juat a.a t'- ourtl4e ,..,. !Wo alioott 
coooplriet., paut4, U thla II true abou\ halt tbe tllll'Q'·Ia de• 
llvere4 .b:r the 1\ll'tace vave an4 halt bJ the one-~ oq vave, We 
~ tllen caloul&ta the I!J'Oilll4-vave attl®at10D trOll data in 'l'a'blo 
~.,, FOl' oonvenitnoo vo ...., elCPH•• !:quat1at (l) 1ls lopdtbu to 
the baH 10, 

los 1 • los 11o - 2 los d - ki'- (6) 

Valu.o ot k.,d' and ot t 1 , tlCpl'OIIed 1ls dooibola per 1000 kl, 41.'1 
tr!Vtnt 1Q TabLo ~.~. Tho val'!" ot 1<8 h rel&tivet., great, oonoopolld. 
ina to SI'OWid ot v.-q poor cODduot1vltT1 a- < lO"l' .... It al&o 
inolUdeo ottocto due to 41ttraot10D looHo, '!be rotlectiOCI aootti­
oioD\ tar tbo 1onoopbore1 tar tho ti.,. ot da:r a\ vbioh esoh obiOI.'V&· 
tioD vao m4o1 at the IIJICl• ot iDoidtiiCOI iDYOlved 1ls tho 0110-hop modo 
0&7 bo caloul&tt4 t1'<111 J!quatiOD (2), The .. reeulto are aloo obowD 
1D Table 4.~. !o vao takn to be eqllivalont to 1!'0 ot tha 0\ll'faoo 
..,..,., The 1'1!tlout1at coottlotenta 1D tile table on raUoa ot enerS:r 
iD tbo inoidell\ an4 retlt\ttt4 vaveo, 1111\ tlo14 atronstb.a, U thaT 
ropreaentt4 tlold otrengtb.a tho valuoo VOil14 ranp troto 0, i6 to 0.20 
llhlab .... !lot inoOCIIIiotoDt vitb valuu o....,.l:r SITOII ill tb.a Utoraturo. 

'l'AllLI •• ,. 

GROOMI A'l'l'FmiA'l'IOll' IliDBll: AIID IOllllSPIIEIIIC REFLEC'l'IOll' 
COEI'TICn:tl'l'S Fa! DIS'l'Al!CI 07 1000 101 

Sho\ ll'o, ka4 kl _i_ 
Clos1ol (db/too loa) 

6 l.~ 16 0,003 
7 1.6a 16 o.~ 
s l,l,o l~ o.~ 
9 l.:JQ 1' 0,032 

1D l,!Q l' 0,03() 

Averoso l.:JQ l' 0,03() 
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A'l'l'llliUA'l'IOll IlfD!X AltD "COI!l'LI!!g cO!nl:Ol.!Wl'a" 
Yal IIAVI Cl\IIDI H0Dn BBmiD 10<» J9f" 

l( ky .. 
(1o'1ol antilo( (db/tooo, a)';., 

6.02 • 10 1.0,, X 10"' 1.9 ,.a, . 10 6,8 X 10"' 1.,. 
6.~ • 10 1},, X 10"' 2.} 
6.1, • 10 ~., X 10"' ,., ,.98 . 10 ?.6 " 10"' 2.0 
6.02 • 10 10,8 X 10"' 2.2 

Tile cauotanto raro the vav.-guide IOOdel ot propas&tiOD to great dbtancu my be derived trOll the value• ot energ'denattiH given in Table 4.}. J:xpreaaiD( J!quat1012 (4) in logarith• to tba baoe 10 and ne~ctin( tbe tera 0/ain 0 ,. vhich Ia suhtantlally unit71 ve 
heve -~'-' 

los B, • 101 lC • l.oc Bo • l.oc d - 1<.,4 (7) 
Thoro are tvo ~ar&a~~~tero to be deteratne<l, It and It,. \laiD( the ·date rraa l!n•da PrOYiD( OrOU%>4, BC!Illder, &Od Ft. Belvoir, tlleo cal­culated parusoten are u sivea in Table 4.,. It 1o intereatiD( to calculate troa the .. par&*t.,.• the enorg to be expected at Ft. llelT011' tor Sllot Jfo. 111 ror vblab 110 ob .. natl<m~ are &YIIilebl• a\ Boul.dw. Tho calouleted value Ia 0,0120 x 10"6 Jouleo per aqllare :aotor1&0d the oboervod vatu. """ 0,00!/47 x 10" Joulot per square toeter. 

Ill apito or the releUvdy good agr~e-t ot the caatanta de• t..-•ind tr001 tba lndi Vidual ollota, sou rnenatlona wall ba tl&de In appi.Tf.DJ th .. tor prcpaptlon ca1culet10128 under other oondittona, The·gr&Dil attenuat1011 Index k 1o accurately dehr11itt44' tor tbot part1ouler terrai11 lllvolvod, buf over resl<m~ ot goo4 condut1V1t)' U voul4 b• cal8ider4blJ lo... For propaptlaa O't'er ••• vatet'; 
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tha Pl"ino!pal,. lou. 1~ the a~tace 
t'l'o• sq~, beina due to 41ffraGt1~ 

Important &i dbtanoeo OYft' aevftioal hundred kU.,..tero. 

The retloction coett!o!ettt ct the !onoepllere ai. · g!v~n 1n Table 
~.~ b reliable tor calculation ct received onere tw apProximately 
equal diltanaea 11114 11m11ar •ettith &ngleo ot the ·~· The Vl\lUe io 
nolo au! tabh tor uu whm the. path Uao 1n darknaao, · 

The coupling ooettic!ant and attenuation index calculated tor 
the ~~ave·suide OICdel are aUbJeot to ao"" una8l'tainty ainoe obaena­
tiono at only two diatanceo, 1000 kll and '4oo l<"' 11ere ueocl in the 
calculationo. The ... 11 value of the attect!ve coupling coettiaient 
11 due In part to tho arbitrar:r determination to use the enern <>t 
unit distance (In tbio caae takett ao 1 lei) l1ll a reference value. 
Tb!o account• tor about a bundrt>4-1'ol4 reduction in the apparent 
coupling coefficient, the re""ining factor ot 100 raaulting 1"roaa 
eooape of ~be enern tr011 the earth·ionoaphere bOII.Ddariu v!tbin the 
first tev hundred l<ilo•tera, Expre .. ocl in decibels, thft'8 11 a. 
40 db loll represented by tha effective acuplina ooetticient, 20 db 
ot llbich aril8o t'l'oa ge0111etr!c conoidaraUono inherent in the aoaump­
tion regarding the point 111\ere 10 1o lDtUUl'od1 and the reminlns 20 db 
trOll actual leakage, 

A different diatribution ot loa••• betveen the coupling ~oet­
ticient an4 the attenuation Index might have reoultacl it observati.ona 
had been l!Bde a\ other diatanaeo. than tho.,. given, and oerto!nly it 
tho sOUJ"oe and rece!v!ns sit .. had all b.een 1n darkne10, Hwever, 
tho attellWition index Ia not liltel:r to be 1n appreciable e:rror tor 
daylight propept!on, i'lrtllemore, it 11 in goncl agree!Dellt with tha 
attonuatioo index tor daylight Pl""P811&tion 1n the very lov t'l'&q~W~cy 
riiJip· u obtained fra. nu110roua 10euure~~~e~~to r.Me on cootinuoua• 
, .... tranea!ttero operetins at verr lov trequenoiea. 

4, ~ ENEROY RADIAT2D FROM BOI!J!C! 

The enft'SY denait!u oaloulated tr011 tha obaenatiaw at the· 
alta& at lfovada Provine Ground 'fllll7 be uaed to derive tho total electro~ 
l:lll!jMtia enft'SY rsdl&ted by oaoh bOOib, Ao..,.iPs &gail> that t!>diation 
oacurred t'l-011 • •hart vertical dipole, the onerl!)' radiated in anr· 
direatioo. Ia prO!I<*tionel to ooo"' , whore ~ 1o the ansle ot 
olov•Uoa above the horizolltal. The total onerl!)' rsdiate4 ia givea. 1>1' 
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in ~hicb J!o 1s the ener117 denlit)' at a poi~t at ~ ~utll•.~,.~tf.e.t 
diatanct d !'rOll tbe SO'll'Co, and ~ Ia tJij; o.dmt!i of' tJi4. obiie.;Tiil/i 
~oint !'rOOOI the Bour<lt. V4lll<l1 ot &.. in JoUlu art SivoD !It/table· 4,3, .. . ... · ... '· ' " ' 

Tho enorST valuet range rro. 0.11~ x 106 to 1,;~ lt lcl6.'J~.i~~. 
B)' comp&riaOD, the oltotrcota8Mt1o ener117 in t!W frO<lllellc)h'IID&f,·~. 
7.' ~· tu lO ~· radiated !'r010 Ughtal.na tlaoh.,. averagea .roun.t; Ooll· 
x 10 Joulu• Jinca tbe pulae omittc<l hu a duratiOD ot asl:t.•bouil, 
,0 llicroaoconda, these value• corroapol>ll to I!J) average r'adlat5 POllet' 
tor tho duration ot tbe pulse ot troa 2,4oo to ~001000 !11eg&~tt•+· 

For the atz01 of the ooapon& fired durlns the tuta Wl4er dit• 
cuaotoc, .. tair~ sood linear relatlonahip botlt'!en the total: elaotro­
a:agnetla onerST radi&te<\ oncl the bollb yield obtatna. A ploll ot thia 
rolatton•htp appean in Fisure 4.1, ·•bert total oner811& plotte.l .. 
nga1nat yield in ldlotona, For oonvon1enct the onor81 dona1t;n. 
n.,.._liled to one kilomttor !'rOll (!1'0illl4 zero, Ia ahOVIl u aa ad41t1CQ&l 
Bb8C108& ICalt, In dr&Vina the lint Cft tM sraph ShA)ta lfO, 4, a. 10 
and 11 vera ignored since they vore not tover •hot•, 

All ot the air-dropped boloba and tht CIDIIOII•l.aunoha4 bO!IIb abovtd 
conapiCIIIOIIOl:Y le01 alaatroa.gnttio radiaticm tr:tr tile same )'ialcl tbali 
these tired 011 the tovert. All e~irtcal rtlationah1p tC) cr:trnoll tw 
tht etfeat ot l>aight ~ ... deriTed and appltecl to tht ruu.a for th• 
non-tower shott to give tht equivalent radiated ent%'81 to b• e,.pe.,ttd 
It the shota hacl been fired on tovera, A new plot, vith tile cor• 
rectioo applied to tha nOD·tovel' sbota, 11 sbova lD rt~ ft.a. All 
oxuept Gbot lfo, 8 shew oloat •sre..,.nt 1D tht relat10111htp bat.....,a 
yiolcl and radiat44 entr117, The equation rtlaUDIJ ell01'1!7' to ;yiel4 1• 

B.r • o.~6a r I (l+h) (!I) 

•here J!.r is the eleotromgoatlo entr117 rad1att4 in a>epJ011lea, 
r the yiolcl. 1n kilotona, ancl. h \he height ot dttocation ill 

· thoua&Me ot f .. t abcve fii'OIJII4, a aOI'l'letion to bt applied onlt tor 
non-tower shcta. 1'bt ener117 dena1t1 at a dht- ot one ktl"""'tU" 
it givm b)' 
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(10) 

! 0 , in th1a caaa beiDa in Joule I per square <DOter, 

SOme rooervat101>1 ou1~ be held resardina the reliabi1it~ ot tbe 
abooluta v.tue1 of tbe aner(lioa calaula.to4 tr011 th date obtain~ at 
the lfavada PrOVing Ground, althoua;h the relative value• ~ undoubt· 
edl.T reliable, '!'he a<DOll value tor the coupUn1 aoettiaiont an4· tbe 
higb v&luo tor absorpt104 ot tbe groun4 vave u roaeive4 a\ BoULder, 
calculated prevtouoly, augge1t that the oner(litl ""7 ~ too large:. 

Tho- linear r<tlationlhip ~ltVOID )'ield and total radiated Odflol71 
vhen the height aarroatton1 are applied, rra7 be tOl'tui touo, lfotbing 
can be conalu4ad rogerd1na theil' appUcabilitJ to voapon1 havina 
;yieldo tar outoide the ranges of those involved hire, or to othn 
type a auah 01 thermcmla lear 11oapoao, 

4 , ' DIREC'l'IOll' OP '1'11! I!Lm'l'RI 0 VEC'l'OR OP '1'11! RADIA'l'ED FI1!W 

Coaltderable intoreot 1a attached to the dil'eation ot the eleatria 
veotOI" redia tad tr011 the aouroe and recorded at the near recei vina 
oito1, '!'he direction ot thio vector tor the <DOin initial phaH ot tbe 
pula& IIIli tbe tame in Ill CUll. 

To obtain tbe relation batveen the dil'eatioa ot current tlov in 
the aourae, and thl direction ot detleot1on ot the o1aillo1cope, 111 
expre11 the radiation eleat1'010a611•t1o tield 1n terma ot the veatDl' 
potential ~ 1 and then rotate the latter to the source current ! 1 

3 • ··a!_ I _B • 9 lC _A 
- () t 

~ (!:, 0 I t) •1 ! (!:, I t • [> dV 

v I!: - !:!.I 
'l'hul a current which il 1narea1ins in the dovnvo.rd direction 

aiveo rioe to an oloatrio tiold•poaitivo In the upvar« diroottca. 
'1'111• oonoluoion "*7 be ahloke4 througb II 1 uoina the..tMt that the 
poynttns voatOl' ! x !! il politive in tS. dil'tation at enerno tlov. 
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1. Ronald lC1n& an4 r. a. lll.ake, Jr., ''l'ha Sdl·I:opedanca ot a 8~ 
,.trical AntelliiA•, Proa. IIIB, .:ruq., 19112, Vol. 30, P• ·335' 

2. Frederick l:lmllon.l '1'11"111&111 Radio ~-· Jran4book (M<IOJ'a.,.Hill 
Book c~, 194,), rtr.t Y.41Uoc, P• 813 

,5. K. a. J&nOky; 'An ~ri;;tntal Invoatl.gatioc at the C\l&l'a<!:ter· 
tot1o1 ot Certain T1Pe• ot No1oe•, l'roo-. IRB, 19391 Vol. ';!.11 pp, ~-768. 

~. R. D, Kngl.all4 and R, !l, Partridge, Jr., 'Inv01t1pUOD ot l':arl7 
Xl.ectr""""""t1c Sf.4Daa', Lei Al.arloe Sc1ent1tic L&borat01'7, 
UOivorait7 ot Calitornia1 Nov, 1~. 

'' <r. H. taby, J. J. Hclfoill1 r. a. llicbOla and A, r. B• lfictaon, 
''Javetor'a Et1ar117 and lletloction by tblt Ionoepb4ra ot Atiii08Pbltric•"• 
Proc, nor. soc., 1940, illJ w. l~,-1$. 

6, J, D. But, J. A. Ratolitte, and 14. v. 1/Uku, "l:lcperimental In· 
veotipti0111 rltb Very I.ons llaVII Rotleotad f'roll tblt !0110aphere'1 Proc. R•7• Soc., Sopt, 19,361 ~ p, 611<, 
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TIIB NATIONAL DURBAU OF STAli'DAIID&) ,·. 

Function• •nd AetlvhiN 

The !unctiON olthe NltiooaJ Bureau of Staa.duda are "t lortkia tb. Aet ol CoaCf8l, MAr!'• 
3, 1901, u ..,.,d..t by Cona- lo Publle Law 619, 1950. ·n.- loeludo tho dtY....,_..t aa4 
maintent~ ol the naiiOdd IUJ'lflardt ol mtMtU"tm«ll and the proYWoa ol nleUIIIl &DII J'Mth.od& 
for m.tklnf; mtJiunmtllll coMttmt o,itb thNe at•ndudtJ tbt detennlnadOII of ph~eel contt.tnta 
•nd prnpm~ .. of nutor!alu d.., d...,lop.,.,t of mnbodo and lno-11 (o< iiotl"f Dlalai.ola, 
Jnictoa. and ltructutell ad•Jtorr tervieel to Gmmu11en1 A(eMiel M ld.ltlAe and technletl 
ptohlemOJ lnYefttloo and doYelop....,t ol devl- to O«Yt •poc/•1 noedt ol 1M eo .......... ; and tho 
Jndopmmt olatandard practicn., cod('~., and .pea6eatlou. Tbt work indudt. buJ,e tnclapplW 
rrteuch, development. cn&faeerl118, lnllrumatUtiOII, tHdDf, 'tu.lmths., caUbradca ~ tAd 
Ytrlout contnltadod 1nd lnfonnatf.on t«Vicd. A mtjor portion oft he Btltftu'a work II perknted 
lor odw Govon1111f01t "rnd ... parti<ulaoiy the Depart"""t ol Del.,.. and tho Atomle Eoersy 
Commlulon. The IK'Op8 ol &dh·hlH It IUJptled by the UrtinJ or dlvidone and teedont OR the 
i.tuJde oltbe frolfU COYt'f", 

ltepo..t. and Publication• 

The ruuht of llu! 8l.ft'..tQ1t work take lLo {onu ol dtMr tctual ~· and d•¥k.i ott 

puhUoh..t popen and ~ Repo<ll ""ito...! to the ·~"I opoey ala P""k">la' prcjoct 
o< prosnm. PobUobed p•pen opp<tr eltlw In tho Bllffila't oWD Hrioo oi poblleotl<.. or In tho 
Joumala of ptOr...looal and odenrlllo oodedt~. Tho ButHu I...U puhlloboo thno -thly peri. 
ndinla, auilablo rrono tho eo • ....,...,., Prlntln, 0&.• Tho Soumal of Rt.IOllclo, whioiJ pre""ta 
compkte P'pet'O reportlnJ t...Miool ioY,.tisatlooo; tho Te<hdlcal N .... Bullot!D, w~ldo -~~ 
•wnm•ry ood ptelimlnuy <rpo<U oo wodt bo pror-1 aDd Bulc Radio Prop&catloa l(redletlooo. 
wklclt pt0¥1<1<. dati(.,. detenalol"fthe b.ot tr.qu.adco to uoe to. udio oomllua"""tl<.. tbrous"""' 
tho wn<ld. Tiwa ,... •Lao Bn O«ieo of ~l<al publl..,looar Tho .~pphol Mau-atloo 
s.n~ Cl=luo, llandboob, Bulldlns Muorialt aDd St""'t""'" R.,...., •"" Mlooel'"­
Publkatlona. 

ln!om~.alfon 011. the Durnu'• pubUH1iocM <'Ait be found i" NBS Circular 461, Mtlattbll ol 
the Nnloul Bvnan ol Standudo (11.25) aad Ito Suppk...a~t (10.75), nailal>le- tho S_.,. 
tmd..t of Dc<um"''"' Go•<mn~<~~t Priatlnf OBko. lnqulrko ,.......u .. tho B-'• r.portt , .... 
pubU .. tlona ahould ho add......l to tho Oflloo of Scleatille PuLlieat'-. Natlootl n- oi 
Stondurlo, lVaobl"ftM 25, D. C. 
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DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1155 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1155 

 
 

 

Subject: OSD MDR Case 12-M-1573 

Dear , 

~ $oW(· 20!3 

We have reviewed the enclosed document in consultation with the Department of Energy 
(DOE) and have declassified it in pmt. OSD excised information is exempt from 
declassification under Executive Order 13526, section 6.2(a) and is also protected under the 
Freedom oflnformation Act (FOIA), 5 U.S.C. § 552(b)(6). DOE excised information is exempt 
from declassification under section 6.2(a). Section 6.2(a) protects "Restricted Data" and 
"Formerly Restricted Data" information in conformity with the provisions of the Atomic Energy 
Act of 1954, as amended, and regulations issued under that Act. FOIA, 5 U.S. C.§ 552(b)(6) 
protects information which would constitute a clearly unwarranted invasion of the personal 
privacy of cettain individuals. 

OSD stands as the appellate authority and will coordinate any appeals regarding tllis case. 
A written appeal must be filed within 60 days explaining the rationale for reversal of the 
decision. Reference should be made to OSD MDR Case 12-M-1573. Letters of appeal should 
be sent to the following address: 

WHS/ESD Records and Declassification Division 
Attention: Robert Storer 
4800 Mark Center Drive 
Suite 02F09-02 
Alexandria, VA 22350-3100 

If you have any questions, contact me by e-mail at Records.Declassification@whs.mil or by 
phone at 571-372-0483. 

Enclosures: 
I. MDR request 
2. Document I 

Sincerely, 

Robet1 Storer 
Chief, Records and Declassification Division 



DEPARTMENT OF DEFENSE

WASHINGTON HEADQUARTERS SERVICES

1 155 DEFENSE PENTAGON

WASHINGTON, DC 20301-1 155

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER

(ATTN: DTIC-OQ INFORMATION SECURITY)
8725 JOHN J. KINGMAN ROAD, STE 0944
FT. BELVIOR, VA 22060-6218

SUBJECT: OSD MDR Cases 12-M-1572 and 12-M-1573

FEB 14 ?013

At the request of , we have conducted a Mandatory Declassification

Review of the attached documents under the provisions of Executive Order 13526, section 3.5,

for public release. We have declassified the documents in part. We have attached a copy of our

response to the requester on the attached Compact Disc (CD). If you have any questions, contact

me by e-mail at storer.robert@whs.mil, robert.storer@whs.smil.mil, or robert.storer@osdj.ic.gov

or by phone at 571-372-0483.

Attachment:

CD

PdUjl^ O^C$X£xw

Robert Storer

Chief, Records and Declassification Division
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